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in recent decades; and Wi" cD'n’t"nue to do 50 at an

here is a crisis in science education. Advances in
science and technology have transformed our lives

cracy requiires c1tlzens wha can make informed decisions on
the uses of science: Yet most Americans still regard science

as the province of stereotypical eccentric geniuses and wild-
eyed mad scientists.

Scierice is not yet viewed as an integral part of either the
school curriculum or our day-to-day lives. Many otherwise

educated Americans are illiterate in science: Otherwise com-
petent teachers are afraid to teach science, and students are
afraid to enroll in science courses.

The root of the present crisis—and the fertile seedbed of

a brighter future in science education—is the elementary
teacher preparatory program. If teachers can be taught to
present science in ways that reflect what we now know

about the nature of science and the way children learn

science, tomorrow will be brighter for their students and
their students’ children.
At the present time; elementary teaching stuidents are

likely to take too few courses in math and science: The
courses they do take are likely to be designed for career
scientists, not teaching generalists. Our search for exem-
plary preservice elementary science programs aimed to

uncover the exceptions to this sorry situation:
Each of the seven exemplary programs described in this
volume is carefully designed to focus on the science skills,

knowledge, and attitudes that students need. Faculty in

each program model effective teaching behaviors; and pre-
pare teachers for creative adaptation to a dynamic future.
Students whose teachers are trained in these programs

will learn with enthusiasm, and demand continued excel-
lence in science education as they enter secondary schools.
Pressure for improvement in secondary school science will
result in better prepared candidates entering prescrvice

programs—and we will all move forward with the cycle of
excellence thus begun.

—]John E. Penick

(o5}
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Chapter 1
Excellence in
Preservice
Elementary
Teacher Education
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he quality of life in our society is, and promises to
continue to be, highly dependent on science and

. technology. Biotechnology is altering otir economy

and job markets through changes in agriculture; industry,;
and medicine. We are on the verge of breakthroughs in
many areas, from cleaning up oil spills to curing major
human diseases. Even now, each of us makes daily deci-
sions that are based on science and technology. The need
for scientific and technological literacy is inescapable. -~
_ Where can the American people turn to meet this need?
Science educators can exercise leadership in providing the
tools to cope with and make a difference in this changing
world: There is a growing realizaiion that students’ atti-

tudes towards science are formed in the elementary grades.

These attitudes determine a student’s capacity to_learn
science and understand the technology u~on which our

society is based: S

The current national focus on science education began
with attention to science in the secondary schools in 1982:
As various states pushed for excellence in secondary school
science; a common lament began to be heard from second-

ary science teachers:—"If students had decent science pro-
grams in elementary school, they would at least come to us
with positive attitudes towards science, and some science
skills on which we could build!” o
_ Their cry has been heard. The national attention which
focused first on secondary scierce is beginning to extend to
the elementary. schools: Some states and school districts
have responded by requiring that science be taught in the
elementary grades a certain number of minutes per day or
per week: Others are developing and implementing district
or state-wide tests to ensure that students attain basic

science skills during their elementary school years: 7
_Effective elementary science programs and effective
elementary science teachers are the keys to developing
appropriate attitudes and skills in students. But today science
anxiety runs rampant among this country’s elementary
teachers. A study by Stake and Easley (1978) suggests that
not even half of the nation’s elementary students have a
single year in which a substantial share of the curriculum is
devoted to science; and the teacher does a good job of teach-
ing it. Many teachers ignore science complete!::,
Science anxiety has combined with the “back to basics”
movement (in which science was excluded from ine basics)
to inhibit progress in elementary science teaching at a time
when our need for scientific and technological expertise is
growing daily: o
The science education community must face and con-
quer science anxiety. Educational institutions with teacher
preparation_programs must identify and propagate prac-
tices that relieve science anxiety, and provide teachers with
the attitudes, skills, and knowledge to teach science effec-
tively at the time when children’s minds lend themselves
most readily to inquiry, exploration, and discovery. It is
easier to prepare teachers properly than it is to provide
remediation once they have been certified and are {2aching:
In 1981, NSTA'’s Steering Committee on Teacher Educa-
tion; chaired by Ken Mechling; set out to gather the data
for a portrait of scienceteacher preparatior: in the 1980s:
Stedman and Dowling studied certification practices; Dcn-
nellan investigated elementary teachers’ perceptions of their

- 5
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preparation for teaching science; and Mechling inquired
into program requirerients in science for preservice ele-
mentary teachers. These data revealed the need to identify
a desired state for preservice elementary teacher education
programs and to identify practices leading to the desired
state. S
The certification study found serious inconsistencies

requlre soinie science for early chrldhood certification, and
36 states require science for elementary certification. Most,

however, do not identify which science courses preservice

teachers are to take.
Only seven states specify even one course in biology or
physical science: Presumably; preservice teachers can satisfy

their requirements by taking_courses_with very limited
classroom application, such as Famous Scientists, Food and
Driigs, or Kinesiology. Moreover, orly orie quarter of the

states demand a science method:. course For elementary

ers, science supervrsors, and elementary school principals
all agree that most elementary preservice training inade-

quately prepares teachers to teach science (Donnellan, 1982):
 Mechling surveyed the 50 institutions of higher educa-
tion with the largest number of teacher education gradu-
ates in the U: S: during the 1979-80 acaderiic year. His data
indicate that in half of the responding institations preser-
vice teachers were not required to earn any more science
credits than non-science majors who were not planning to

teach. Eight credits or less were considered adequate for

both groups. Most institutions did not even specify disci-
plines in their graduation requirements for teachers. As a
result, many teachers have nad no preparation in either

physical or Earth science; both critical subjects in the ele-
mentary curriculum.

The science courses teachers commonly take are surveys
des:gned for nion-scienice majors. Their only alternative is
to enroll in courses deSIgned as the first steps of series for

people who intend to work ir traditional science profes-
sions. In neither case is the preservice teacher likely to see
any relationship betweeen the contents of these courses
and the science he or she will teach in elementary school.
Only one third of the respondmg institutions offered science
courses which were specifically developed to meet the needs
of prospective elementary teachers.

_During 1981-1982; the Teacher Education Committee of
NSTA addressed the question: What kind of science teacher
preparation would prodiice a confiderit beginning teacher
able to provxde young children with a positive attitude
toward science and relevarnt science content and skills?
{Since elementary teacher education traditionally integrates

all the subjects taught in K through 6, induding science,

into one comprehenswe program, science teacher preparation
here indicates those courses; learning opportunities; and
experrences that prepare a person to teath elementary

committee’s work culminated in the following recommended
standards.

Standayd 1a: Science Content Preparth;qq
All colleges and universities should require @ minimum
of 12 semester hours or 18 quarter hours of laboratory o

field-oriented science, including courses in each of these

6
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areas: biological science; physical science; and Earth science:

Standard 1b: Stierice Conitenit Coiirses for Elenientary Teachers
These courses should be designed specifically to serve
the needs of preservice elementary school teachers. They

should

e Provide knowledge of scnence content selected for its

application to elementary school classrooms

P

® Increase skill in using the processes of science

® Develop positive attitudes toward science and science

instruction at the elementary school level

If student enrollment does not warrant separate courses
in science conterit for preservice elementary teachers, the
reqiiired scierice coiirses should reflect the special needs of
these preservice teachers.

Slmxdard la: Sfxcnfc Tm[hmg Mctlxods .
Prfesﬁeﬁrvrceﬁelementary teachers should be required to
complete a minimum_of one separate course of approxi-
mately three semester hours in elementary science methods.
This course should be scheduled after the science content

courses and just prior to student teaching.

Standard 11b: Content of Hhe Science 'I‘eii'rliiii,é Metho'is Course
The elementary science methods course should develop

instructional skills which will help preservice teachers teach

science processes, attitudes, and content to children in grades

K-6. The toiirse shoiild allow prospective teachers

® To experience hands-on activities which promnte process
skill development

® To select science content appropriate for the elementary
school

e To design classroom environments that promote positive
attitudes

® To choose and use a vanety of instructional strategies
and materials

e To clevelop techniques for evaluating pupil progress in
science

Standard 111: Field Experiences
Preservice elementary teachers should have opportum-
tles throughout the:r undergraduate years to teach science

should_begin with observatron and tutoring and proceed
through small and large ; group instruction. Student teach-
ing must include expérience in planning and teaching

science!

S.‘mxdard Wi Farulty Preparation
_Faculty assigned to teach science content ana methods
courses for preservice elementary teachers shotild have the

quallfxcatrons, experience, and interest to provide hlgh qual-

laboratories and educational facilities that include equxp—

ment, instructional materials, and library holdings

which promote science learning and exemplify outstanding
school sciénce programs.

Standard V: Professional Orientation
The professional orientation of preservice elementary
teachers should includé experiences that

8
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Standard V: Professional Orientation ,
_ The professional orientation of preservice elementary
teachers should include experiences that

® Instill positive attitudes toward science aiid science

_ teaching S : : S -

® Foster an appreciation for the value of science in the total
curriculum and in the lives of the children

¢ Develop a commitment to continue their education as
teachers of science through reading, professional organi-
zations, and further education, including inservica
experiences. . o
It is within the context of these standards that the Asso-
ciation for the Educacion of Teachers in Science (AETS)

collaborated with NSTA to institute the 1985 Search for

Excellence in Preservice Elementary Teacher Education in
Science. The standards were the basis for the actual criteria
used in the search. o , , -

These criteria use course titles and numbers of credits

that are common in higher education institutions. The

number of credits indicates that a minimum amount of
time is to be devoted to a specific subject. This is not in-
tended to suggest that every institution must have a spe-

cific course for each topic with the prescribed title and
number of credits. It is creativity, and nct conformity, that
will proimiote excellence in presérvice education for elemen-
tary teachers: Innovative approaches to couirse developrient
can produce prospective teachers wha are willing and able
to use appropriate pedagogical, scientific, and technological
skills and knowledge in their teaching.

(Figure 1) Criteria for Excellence in Freservice Elementary Teacher Education in Science

In the preservice education of élementary teachers in
science, the program recognized for its excellence will pre-
pare teachers who . .
® Display positive attitudes toward science and science

education e o
® Recognize the inherent value of science in the lives of all
_ people o ,
¢ linplemnent courses which meet thn SESE criteria for

elementary school science S
® Seek continuing professional self-improvement in science

With regard to background in science concepts and pro-

cesses; the preservice elementary teacher’s preparation

will: o

® Include 12 semester hours of study balanced among biol-
ogy; physical science; and Earth science

® cove, content specifically applicable to the elementary

curriculum o o o

® Provide understanding of the societal implications of sci-
ence and technology : :

¢ Provide competence in science processes such as observ-
ing, classifying, measuring, interpreting, predictirg, and
experimenting

With regard to education in science teaching apnroaches
and strategies, the preservice elementary teacher’s prepara-
tion will provide the candidate wiih - i

® At least three semester hours of study, ideally under-

_ taken just prior to student teaching =~ = -
® Knowledge and skills to work effectively with a wide
range of student abilities and socio-economic and ethnic
_ backgrounds o , o
® Personal problemi-solving and process skills, acquired

through significant hands-on experience -
® The knowledge and skills to develop a classroom envir-
_ onment that promotes positive attitudes toward science
® The ability to use media, compuiters, aad cther technolo-

gies appropriately in classroom science instruction

® The ability to 1se a variety of instructional strategies and
materials, including local/community resources and per-
sonnel '

_activities ) o o -
® An understanding of techniques for evaluating pupil
progress which are congruent with instriiction and which

address the processes as well as the content of science

The candidate’s instructional program will be carefully

organized to provide =

® Significant field and laboratory experience—at least 30
percent of the candidate’s sciénce coursework should be
based on direct experience in investigatiiig phenomena
with scientific equipment i

® Opporturnities throughout the program to teach science
to children in schools—these experiences should begin

with observation and tutoring and gradually proceed
through various forms o/ small and large group instruc-
_tion ,
® Student teaching which incliides experiences in both

planning and teaching science to elementary schi ol
students A
® Significant contact with the kinds of facilities, equipment,
and instructional and library materials which are typical
of outstanding science teaching/learning programs
A continuous feedback process to keep the program cur-
rent in both science and science education

Faculty whe ,erve in the preservice education of elemen-

tary teachers in science should o

e Have the qualifications, experience, and interest to pro-

vide high-quality instruction o

Have specific. preparation in and experience with the

teaching of science =~ ] , ) o

® Model exemplary instructional design and practice in
science teaching , )

® Keep current in science and science education research

® Model participation iri professional associations in science
education o

© Mazintain a close continuing association with cooperatitiz
elementary schools

Q
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These criteria may appear reasonable, even obvious and
readily implemented, to those unfamiliar with the internal
workirigs of most colleges and universities. Howéver, to
those who know the resistance to change in most tradi-

tional teacher education programs, these criteria are chal-
lenging indeed. Traditional biases and the constraints of
bureaucratic functioning will confront those who sromote
change to meet or exceed these criteria:

The following are some of the biases that must be over-
come in order to develop programs meeting these criteria
for excelrlence

® Scientists in some universities do not_consider it appro-
prlate to develop jOb related courses for any pmfess:on
engineering, nursing, or teaching:
® Many university scientiste dislike the use cf science pre-
flxe, on courses _for preservice elementary teachers be-
ause they say the courses lack academic rigor. They
thmk that proponents of specnal courses are asking for
“watered down” versions of courses that already exist in
~ the sequence for science majors.
® Most working scientists have little occasion to cc nsnder

that elementary teachers are generalists who must be
prepared to teach competently across the curriculum dur-
ing a four or five year period of undergraduate education.

The fcilowing are some organizational constraints that
may inhibit the development of excellent preservice ele-
mentary teacher education programs:
® Most institutions requxre some minimum number of stu-

dents in a course; in order to pay a faculty member's
_ salary for teaching it.
® The misconception that teaching science requires the

same methods as teachmg other dlsc1plmes may result i in
institutions requiririg preservice teachers to enroll in
general methods courses, rather than offering specific
instruction in science methods:

® Lecture 1 the primary mode of instruction in traditional
science courses, whick focus on acquisition of the accrued
body of knowledge. The processes of science and prob-
lem identification and solvmp are not emphas:zed

® Laborato:y experiences; are often

if they erist at all; are often in
separate sections J: cours~., and may not be syachro-
nized with the lectures. The laboratories are usually con=
firmation and deduction exercises, provndlng few chances
for prospective teachers to experience open-ended induc-
tive investigation.

Since teachiers teach as they were tau?ht they are Ilkely

to provide an environment for children which supports
curiosity, investigation, and inquiry only if they are. taught
in a similar environment. The lack of science teaching in
elementary schools suggests that preservice clementary
teachers are not able to; or not willing to; transiate practices
from general methods classes into metnods for teaching
stience. These criteria call for a specific science methods
course separate from general methods courses, though not
necessarily separate from science content courses:

In education departments or coll2ges which offer separate
elementary scierice methods courses, the need to egualize

teaching loads sometimes means thzt non- scierice educa-
tors; generalists in elementary education, or even specialists
irn other disciplines are a:signed to teach the eiementary

3
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science methods courses: This is why we stress the qualifi-
cations of faculty.

There are other cautions to remember when reviewing a
program for conformity to these criteria for excellence.

Course titles and abstracts cannot. give a comprehensive
idea of what prospective teachers will learn from a program
of courses. Be sure to obtain specific information when
evaluating a program or a course.

The evaluation procedures used in courses are cracial to
what the prospective teacher learns. Undergraduates will
take what is tested as their measure of iiportance, rather
than what a professor says is iinportant: If the two are not
commensurate, the student will behave in response to what
is graded. For example, if a prospective teacher’s task was

practicing process skills, but testing covers only the body of

scientific facts, concepts, and theories used to develop the
process skills; the prospective teacher is unlikely to believe
that process skills are important. One could expect to find
that person teaching children only the accrued body of
knowledge.

It should not come as a surprise that no institutions are
identified which excel in all aspects uf the criteria delineated
for this search. However, the goal of the search was to
identify institutions. in which_desired piractif:eé are being
implemented. The Search for Excellence in Preservice Ele-
mentary Teacher Education in Science is a strategy for
change: We believe that pubhcxzmg institutions which are
successful in some areas will stimulate thera to further
growth, and inspire others to adopt, adapt, or generate
their own versions of these practices. In tliis way, the

search will ultimately improve the condition of elementary
science teaching throughout the nation.
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Chapter 2
CBTE: An
Individualized

Elementary Science
Teacher Education

Program

Jerome E. DeBruin, James R. Gress,
and Jerry L. Underfer

Department of Elementary and
Early Childhood Education
University of Toledo

2801 W. Bancroft Street

Toledo, Ohio 48606

he University of Toledo is a state-supported urban
institution that serves about 1.2 million_persons in
_ A& northwest Ohio and southeastern Michigan. The
College of Education and Allied Professions has full time
students in baccalaureate, masters, education specialist, and

doctoral programs, with one half of the students enrolled.in
teacher certification programs. The Department of Ele-
mentary and Early Childhood Ediication prepares profes-
sionals at the early childhood, elenieritary, middle; and junior
high school levels. Our 150 students, including those who
have an area of specialization in science, work with 17
department faculty in the interdisciplinary undergraduate
Competency Based Teacher Education Program (CBTE):

Design of the Program ) ]
_ Preservice elementary science teacher education at the
University of Toledo is an integral part of the Undergrad-

uate CBTE Program. The program was designed in 1968-1969;

implementation began in 1970; and by 1973 the College
operated a fully developed CBTE program. The program
represents a single, comprehensive effort to bring about
change in the way elementary and secondary teachers are
prepared for teaching. Corresponding changes have oc-
curred in the schools where these graduates are most likely
to teach: The premise that changes in teacher education
should also change the schools has led to a working agree-
ment among university and public and private school per-
sonnel to educate preservice and inservice teachers at the
same time; . S

Our enhanced teacher education program is practical,
exacting, and flexible. It is field based, so students learn
about teaching in actual classrooms. The broad goals of

education are clearly articulated; so that success is easy to

demonstrate. The University of Toledo’s teacher education
program specifies the knowledge, skills, attitudes, and values
needed by teachers, but allows alternative means and vary-

ing lergths of time for achieving these specifications.
Together, members of the college faculty and local school
personinel have created a school-based curriculum for
teacher education which respects the tiniqueriess of learners
by individualizing the instructional process. Each teacher
education student meets common educational objec-
tives, but each does not meet them in the same manner or

time frame: Science education at the University of Toledo

has been unique in these respects:

Goals and Objectives -

The developers of the University of Toledo’s CBTE pro-
gram adopted a statement of ten broad goals of teacher
education. Each teacher is prepared to employ teacher be-
haviors which will help every child ) o
® Acquire the greatest possible understanding of him/her-

self and appreciation of histher worth as a member of

society : . . : -
® Develop an understanding und appreciation of persons
_ belonging to different social, cultural, and ethnic groups
© Master basic skills in the use of words and numbers

¢ Exhibit a positive attitude toward school and toward the
learning process

11 5



e Acquire habits and attitudes associated with responsible
citizenship .

® Acquire good health habits and an understand:ng of the
conditions necessary for physical and emotional well-
being

® Receive opportun’ty and encouragement to be creative in
one or more fields of endeavor

¢ Understand the opportunities open to preparxng for a
productive life and how to take full advantage of these
opportunities

® Understand and appreciate human achxevement in the
natural scierices, the social sciences, the humanities, and
the arts

® Prepare for a world of rapld change whick demands con-
tinuing education throughout adult life
Objectives were prepared for each of the ten program

goals in_{ive contexts. The ob;ectxves, broadly stated in
terms of behaviors which can be observed and measured,
lie at the heart of the CBTE program. Each objective tells
the teacher-in-trzining vvhat is expected as a demonstration

of having mastered the skills it requires. The objectives are
also_the backbone of the .nstructional modules. A single
modiile consists of one oI more objectives, a rationale, §ug-
gested instructional activities, materials to be used; and eval-
uation procedures..

The professional education program at the Un:vers:ty of
Toledo irvolves three career decisions cotirses, four block
courses for elementary education students, and a full quar-
ter of student teaching. All courses are accompanied by
clinical and field-based experiences which include teaching
youngsters in local schools. These early experiences add up
to 300 hours of field-based teaching over three years. Stu-
dent teaching, done in the senior year, comprises another
300 hours of teaching experience.

One of the blocks is Elementary Teaching and Learning
III: Teaching Science in the Elementary Classroom. Today,
the elementary science education program includes science
and science education in general studies, the professional
sequence, and work in areas of specialization.

General Studies Component ,

All students in the program complete a general studies
component that provides a firm liberal education founda-
tion and specialized content and process skills. This compo-

nent of the carriculum_is fully integrated and consistent
with the general goals of the undergraduate teach~r educa-
tion program.

The general educatnon component is important to the
graduates’ long term success in working with youngsters in
schools, for it provides a basic understanding of both science
coritent and teaching skills. In general stidies science classes
students obtain the fundamental experiences; skills, and
insights they expect to develop later in their own students.
Minimuin réquirements in science for undergraduate ele-
mentary education studenits include courses in biclogy,

natarat sciences, and geology: In addition to these general

courses, {2acher education students should graduate with

® Ar. understanding of the central concepts, structures,
and processes of one of the physical or natural sciences

e Knowledge cf the ways in which a specific science disci-
pline has influenced human achievement

10
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& Skills of scientific ingtiry in a selected physical or natiiral
science discipline

® Refined skills of observing, recording, class:fylng, orga-
nizing, and interpreting phenomena unique to the selected
scierice discipline

® An attitude of scientific objectivity when obserwng and
evaluating data in their physical and natural environ-
ments

® An understandlng of the necessity of an ecologncally bal-

anced envnronment

The Professional Sequence

The principal focus in the preparation of elementary
science teachers occurs in the eight quarter-hour profes-
sional block course, Elementary Teaching and Learning III.
This cotirse incliides various on-campus sessions and a min-
imum of fifty quarter hours of related field experience in a
school setting. Modules in the interdisciplinary science edu-
cation course include instruction in
e Unit Planning and Implementation in Science Teaching

® Teaching Science in the Elementary School

® Critiquing and Improving Faulty Test Items in Science
® Classroom Management Techniques in Science

® Problem Solving i in Science

® Concept Lessons in Science

® [nquiry Teacning in Science

® Quiestioning Lessons in Science

Unit Planning and Implementation in Science Tmthmg

A. Each studerit will be able to design a sciencé unit plan
which meets criteria established on the Unit Planning
checklist. Components of the unit include:

® Rationale ard goal statements

® Behavioral objectives

. Concept statements (science content ou*llne)

® Pre- and post—xngttuctlonal strategies and activities
e Evaluation of the science 1nstruct|ona| system
B: Each student will be able to design daily lesson plans

which are consistent with the overall unit plan and with
module requirements for lesson plans in inquiry, question-
ing, and concept te «ching in science.

C: Each student will select, prepare; and use instructional
materials that are consistent with daily lesson plans and the
overall unit plan.

D. Each student will be able to implement daily lesson plans
that meet predetermined criteria and include the following
components:

® Rationale, goals, and ob;ect:ves

e Pre-assessment of pupil learning

. Instructlonal strategies and acthtles for learning

E. Each student wxll be able systematxcally to L(,"eLt ana-
lyze, and interpret data on the effectiveness of units which
meet criteria stated on the science unit ifnf:léﬁentatlon
checklist.

F. Each student will make appropriate revisions in the

science unit plan; based on the evaluation data and criteria
of the science unit planning checklist.

12
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G. Each student will be able to function as a full; collabora-
ting member of a two-person instructional team in_the
planning, implementation, evaliation, and revision of an
instructional unit; according to criteria §§qtﬁeﬁclfopwthe team

member checklist and the personal and professional fitness
checklist.

Tenrhmg Stience in the Eh’mm‘ary Sehool

As a result of this experience, the prospective elementary
school teacher of science will accomplish all of the follow-
ing: .
A. CQmplete the Richard Moore Science 4ttitude Inven-
tory (SAI) Pretest and Posttest =
B. Complete the State of Ohio Eighth Grade Science Con-
terit Pretest and Posttest, with 3 minimum of 80 percent

science content mastery -
C. Construct an interdisciplinary elementary science unit
of instruction following the unit format used in student
teaching (The science unit includes components of the stu-

dent teaching unit; a daily master plan outline with appro-
priate bridges and self-evaluation sections, and one lesson
plan per teaching day following a lesson plan format.)

D. Prepare a v:deotaped ‘microteaching peer presentation of

at least one science concept; employing one of the following
four instructional strategies: divergent inquiry, convergent
ing uiry, guestioning, or concept teaching

E: Prepare and teach at least two science activities appro-
priate for science learning centers in the field

F. Review and evaluate at least one computer software
program that can be used in teaching in the field

G. Sdccessfully complete the teaching of at least 16 elemen-
tary science lessons to children in the field {The student will
supply a lesson plan and checklist to the observer, teach the
lesson, having children manipulate concrete science mate-

rials at least 50 percent of the time; complete the self-
evaluation section of the checklist, and return it to the
observer upon completion.)

H: Choose and complete at least two elementary science

project activities from Chapter 8, ”My Mini Book of Science
Activities” in the text Creative Hands-On Science Experiences
(DeBruin, 1980) or from field experierice activity in the

schools { These activities are to be written; duplicated for
each member of the class; and presented during the science
fair at the end of the quarter.)

I. Complete all assigned readings from Scierice and Children,
Science Activities, the text; and other pertinent sources

]. Attend class regularly and promptly (especially important
because of the laboratory orientation of the class)

Tesl Ilems "1 Scxence

formats (mcludmg """ ultiple choice, ﬁrueifalse, matchlng,

completion; short answer;. and essay items), and using this
module, each student will identit; all test construction errors
and rewrite those faulty items in the same item format. At

least nine of the ten items need to be in correctedior[pi

according to the criteria in this module; with no major test
construction errors remaining.

Classroom Manngement Techniques in Science
A. Each student will implement positive social reinforcers
during the first two weeks of field experience and meet the

[
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g:rnterla specnfled on the posmve remforcement, ignoring
inappropriate behaviors; and avoiding criticism checklist.

B. Given a simulated problem, each student will role play,
using reality therapy with a partner, giving evidence of all
of the eight components specified in the handout Reality

Therapy: Each student will turn in a written script follow-

ing the role-playing with all components labeled correctly:
C. Given a videotaped teaching segment, each student will
becomie familiar with and use the positive reinforcement,

ignoring inappropriate behaviors, and avuiding criticism

checklist. Each student will write at least three examples of
the Premack Principle, at least one of which is applicable to
an elementary science setting.

Problem Solvmg in Scxmce
The student develops an understanding of the process of

problem solving in science and applies that process to prob-
lems in science education. Given a set of hypothetlcal cir-
cumstances or an opportunity to experience real or simu-
lated problems, the student analyzes the experiences and

lists the effects of rigidity, inflexibility, impulsivity, failure

to identify the problem;, and failure to organize information
as possible barriers in problem solving efforts.
A Given appropriate information, the student must orga-

nize the information correctly to solve the problem and list

at least five steps in the problem solving process in approp-
riate sequence.

B: Each student works cooperapﬁyeﬁlyﬁwrth other interns to
provide acceptable solutions to several given problems, and
works independently to solve another set of simple

problems:

Concepl Lessonis in Science
A: Given materials and a field placement, the studgnt wlll

design and implement a science concept lesson; giving evi-
dence of the six relevant components and meeting criteria
on the coricept lesson checklist in this modiile.

B: Given ten statements of concept definitions; attributes;
and examples, the student will match each with its most
appropriate descriptor, with 2 minimum accuracy of 80

percent.

C. Given ten statements mvolvmg referent definition and
its use in teachmg, the cone of Iearmng experiences, and

student will match each with its most apprepriate descrip-
tor with a minimum accuracy of 80 percent

D. Given seven examples of segments of a concept Iesson,
the student will label each with its component narie with

no more than one error:

Inqmry Teachmg in Scienice
A: In an actual classroom situation; each student will teach

a lesson using Suchman’s methods for convergent inquiry

in science. These include

e The rules and purposes of inquiry
® Pre-assessment

® Student inquiry

& Student and/or teacher summaries

e A f0||0w—up analysis of 7the more effective guestions for

subsequent inquiry sessions
Each student will receive 4 cooperative peer evaluatlon

11
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averaging 3.5 or higher on the mquxry Iessornsrgroup eval—

uation form andfor on the instructor’s evaluation of speci-
fied criteria on the convergent inquiry self—evaluatnon Form

actual classroom situation; wiil teach a lesson expanding
upon the inquiry process and making it more.inductive.
This technique is known as divergent inquiry. The student
will demonstrateablhty as a planner, introducer, guestioner,

and sustainer of i inquiry; a rephraser; and a value investiga-
tor. The student will receive a cooperative peer evaluation
of 3.5 or higher on the expanded inquiry lesson group eval-
uation form andfor the instructor’s evaluation of specified
criteria on the divergent inquiry lesson self-evaluation form,

Questioning Lessons in Sience
A. The student will understand how to design and imple-

ment a science questioning lesson and incorporate recall,
convergent, divergent, and value ruestions.

B: The student will use all four types of questions in a
wr1tten sclence Iesson plan ln the questlomnglesson there

evaluative (higher order) questions as there are cogmtwe

memory (recall, or lower order) questions; with at least two
examples of each type. Furthermore, each ‘question or set

recall, con Vergernti dwergent and evaluative: This lesson
plan and the unit plan must be approved before implemen-
tation in the field.

C.In a 7-15 miniite time period during field experierice, the

student will teach a questioning lesson that meets the
stated criteria on the science questioning observation
checklist.

Field, l:aBoratory and Clinical Experiences

Most undergraduate laboratory experiences take place in

local off-campus settings: These formal, organized, course-
re! ated Field actii}itie’s begiri early in each student’s program

sophomore career decisions courses through the upper divi-

sion block courses. University_ faculty serve as liaison per-
sons between the school and the college (DeBruin, 1978).
Laboratory experiences may be associated with general

professional education courses which all students in a given
program must complete, or they may occur in conjunction
with elective courses for students who seek special certifi-
cation or.who are pursuing special interests in education

and allied professions. The major purposes in providing

continuous laboratory experiences are to enable students to
mesh theory with practice and to help students to reflect

on and evaluate their own personal qualifications as future
educators. r'herefore, we choose a wide range of sites
which will provide richly diverse field placements at all

course Ievels Before student teaching begins; each of our

elementary science education students has already had an
opportunity to work witk children from urban, surburban,
and/or rural settings, and with children from minority and
non-minority groups. We also_try to provide experience
with handicapped children or adults, either in a special or a
mainstreamed class.

Over the past f.ve years, the actual number and diversity
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of field assignmients per student has increased significantly,

as mandatéd By the Ohio Standards for Colleges or Um-

(1983).
Clinical experlences occur in on-campus classes, seminar

sessions; and unit labs; and at off-campus sites. Unlike typi-
cal classroom experiences, in which students are confronted
with situiations as they arise sponitaneously, clinical labora-

tory activities are preplanned and regulated so that all stu-
dents can participate in similar educational experiences un-
der relatively controlled conditions. Clinical experiences

insure that students experience typlcal classroom p: vblems

before they embark on_in-school field experiences: Clinical
experiences may also be used to reenact situations that
already have occurred in the field. TheSe experiences include
role playing, peer teaching, developing and using educa-

tional media, microteaching; observing and. evaluating

videotaped mini-lessons, dei}eloplng andl/or administering

and evaluating tests, participating in simulation activities,

and improvising specific activities to be taught to young-
sters in the schools.

Areas of Specialization

Every elementary education ma;or selects an area of spe-
cialization from one of five academxcﬁfrekis or completes a

second major in SpeClal education. A minimum of 20 hours
of coursework in science is necessary to develop a science
area of specialization. In addition to a variety of courses
offered in the College of Arts and Sciences, special teacher
education courses include Environmental Concepts; Physi-
cal Science Concepts, Earth and Space Science Concepts,
and Biological Science Concepts. Each of the required

courses covers science concepts and processes, science
teaching strategies, and classroom, laboratory, and field
experience opportumtles

Modules in the science education block are taught by

interdisciplinary teaching teams of regular. faculty from
Educational Psychology, Curriculum and Methodology,
Educational Media and Technology, and Social Foundations
of Education: The teamns spend out of class time each week
to plan various class sessions. A block course usually meets
three hours a day, four days a week, including scheduled
clinical and field-based experience in the schools. Each inter-

dxscxplmary faculty team elects a team Ieader who meets
tors to solve day-to-day logistical and administrative prob-
lems and to evaluate the effectiveness of team plans and
the program in general

Science instruction in the professmnal sequence and the
scierice area of specialization is directed by faculty members

in science education: The science education faculty work
closely with members of the College of Arts and Sciences
to articulate the science instruction featured in the general
component of the program with their own instruction in

the professional component of the program.

Prior to the 1679-80 academ:c year,. funds were allocated
to develop an internal system for monitoring all students in
elementary and secondary certification programs. A ques-
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tionnaire was developed and uced as_part of a follow-up
study of elementary school teachers. During the 1979-80
academic year, a form was devised and used to follow up on

our secondary school teachers: The college continues to

refine procedures to follow up its graduates in the teacher
education program who are employed at both the elemen-
tary and secondary levels. in a CBTE program, evaluation

is an important aspect of the total teacher education pro-
cess. Modules are refined when data dictate a change.
Thus, the program uses both summative and formative

methods of evaluation: S

Observations using high and low inference instruments
are completed on all student teachers to assess their teach-
ing competencxes and to determine whether the competen-

cies taught in the program are being demqnstrated in the

classroom. A prehmlnary report of this activity is found in
the monograph “Résearch and evaluation in teacher educa-
tion: A concern for competent, effective teachers” (Dickson

& Wiersma, 1980), in Empirical measurement of teacher perfor-
mance {Dickson & Wiersma; 1984); and in DeBruin; 1983:

Attitudes Toward Science and Science Teaching

Pretests and posttests of undergraduate student attitudes
toward science and science teaching have been adminis-
tered quarterly since 1975. As reported by DeBruin in

Piper’s Attitudles toward science: Investigations (1977), initial study

of results found greater change in attitude relative to science
teaching than to science. The longitudinal study is cur-
rently in its eleventh year, and results of the first ten years

will soon be submitted for publication.
The central thesis of this study is that the process under-

 graduates go through in solving on-campus and field-based

Q

teaching problems and the degree to which they experience

success in solving these problems affects their attitudes
toward science and science teaching. If undergraduates ex-
perience success in their early teaching sjtuations they

develop a positive attitude toward science and science teach-

ing. The converse may also be true: unsuccessful expe-
riences may lead to negative attitudes. _.
During the planning phase of mstructnon a 70-1tem science

attitude inventory entitled “What Is Your Attitude Toward

Science and Science Teaching,” by Richard W. Moore (1970),
is administered to the undergraduate students. The inven-
tory is also given at the conclusion of the quarter to note

any change in attitude toward science and science teaching:
We have recently completed the thirty-first successive
quarter of collecting and analyzing data with this instru-

ment: In each quarter, over three-fourths of the subjects

have reflected positive changes {prefpost) in attitude toward
science.
The mean scores from pretest to posttest for attitudes

toward science and attitudes toward science teaching in-

crease as students move through our program: It should be
emphasized that results from the first and ensuing years of
the study were consistent with different groups of stu-

dents. Attitude improvement has been evident in every

group.
Our plans for future research will focus on 1solat1ng

field-based success factors from factors operating on cam-

pus. To accomplish this, the attitude inventory will be
administered prior to and immediately following field expe-
rience. Once field-based variables are identified and iso-
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lated, additional factors and the frequency of these factors

will be noted for further study. Tape recordings of seminar
debriefing sessions may contribute to this study.

Maslery of Science Content _
Beginning in the fall quarter of 1981, a science ¢ontent
test developed by a pariel of Ohjs cience educators was

administered to all university students taking Teaching

Science in the Elementary School. This science content test
was developed for use with eighth grade students as part of

the Ohio Educational Assessmenit Program (1979), designed

to identify statewide learner needs for selected subject areas

and grade levels. To insure that undergraduate elementary
education students at the University of Toledo mastered at

least enghth grade science content, the test was made part

of the course’s core requirements: A _criterion level of 80
percent was required for completion of the course. Approxi-
mately 90 percent of the university students passed the

test, and the other 10 percent engaged in further science

activity to meet minimum requirements: A statuos report
featuring the results of this four-year study is currently
being written:

Progmm Needs and Plans for Improvement of the Program
Despite its exemplary citations by NCATE and NSTA

members of the University of Toledo'’s elementary science

teacher education program have identified areas that need

refinement and further needs to be met in the program’s
continuing emphasxs on excellence. First, the monitoring of

all aspects of the program needs to continue. Second, there

is a need for a complete follow-up study of undergradruate
jcience teacher education students; especially those with
science areas of concentration. The staff will continue to

study the progress made by its graduates and will vigorously

recruit experienced teachers and graduates of the program
to further their studies in master’s and doctoral degree
programs with an \ emphiasis on scierice ediication. Third, as

the program continues to grow in status, additional teachers

who are familiar with the program need to be identified as
master teachers under whom current undergraduates may

teach. This will insure continuity with local school person-

nel and further strengthen existing relationships:

_ Other program needs include the following:

e Additional personnel, financial Support, and science
materials from international, national; state, and local
sources

® Expanded phy51cal facilities to accomodate growing
enrollment

® More computers to keep pace with technological advance-
ments

e Firther chmcal facnhtles, such as an addmonal micro-

teaching center and various labs in which undergradu-

ates could teach demonstration science lessons =~
Expanded ties with local business and industrial centers

whose staff would be willing to act as science mentors for
teachers conducting scientific research
Retired scientists to work with undergraduate and grad-
uate students in the science education center

 Highly quallflgdihnghisghool science students who will

pursue science teaching in the elementary and middle
schools

13
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® Additional graduate students to assist in teaching and
becoime involved in further program developmerits

¢ Outreach to faculty members not_yet involved with the
program; e.g., members of the College of Arts and Scien-
ces and the College of Pharmacy, to work closely with
science education personnel from the College of Educa-

tion and Allied Professions Joint programs need to be
developed which feature cooperative use of faculty and
resources.
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Chapter 3
ASK: A Four-year

Teacher
Preparation
Program

Susan M. Johnson

Biology Department

Ball State University
Muncie, Indiana 47306

raduates of Ball State University’s teacher prepara-

—y tion program in elementary education can say

, | without hesitation that they are prepared to teach
sciefice to children. o -

Ball State students attend classes on a 946-acre residen-

tial campus in Muncie, Indiana, a city with a population of
80,000 which provides industry and services for the sur-
rounding agricultural area. In addition to serving as the
international headquarters of Ball Corporation, which has

grown into a leading space technology manufacturer,
Muncie hotises major automotive-related plants. _ ,
We draw students from across the country and arotind

the globe; but many of the university’s 17,000 students hail

from the communities and farmlands of north central Indi-
ana. Many students represent the first generation of their
families to attend college. While students may enroll in one

of six colleges; Ball State has distinguished itself in teacher
education since its founding as a state institution in 1918: It
has received awards of excellence from the National Coun-
cil for the Accreditation of Teacher Ediication for the EXEL

Program, the Teachers of the Disadvantaged Program; and
the Multi-Cultural Education Program. It ranks first in the
education degrees awarded annually.

_ Our program makes use of a number of university facili-
ties, incliding well-equipped science teaching laboratories
and classrooms; Burris Laboratory School, a K=12 public
school which attracts 750 students from varied backgrounds;

three preschool facilities; Bracken Library, which houses
over one million volumes and contains a special educational
resource collection of teaching materials and children’s
literature; Christy ‘Woods Arboretum and greenhouse; a
planetarium; an observatory; and an official United States
Weathei- Station. Additionally, students have laboratory

experiences in classrooms of local public schools through-
out the state.

The Beginnings ) S
_ Our preservice science program was very limited until, in
the early 1970s, three strands were woven togeéther as the
basis of the current program: One strand was the process-
oriented science approach modelled by the early SAPA;
SCIS, and ESS materials. This transformed the methods
classes: At the same time, innovators in the science depart-=

ments and elementary education were exploring integrated
approaches to scientific problem solving and saw the need
for additional science laboratory and field experiences. These
considerations led to revision of science course offerings to
make them more laboratory-oriented and expansion of

tailored course offerings from the departments of biology;
chemistry; natural resources;, geology; health sciences; nu-
trition, and geography. A o
The third strand was development of EXEL. Faculty in
Teachers College felt 1 need to help students integrate and
translate the knowledge from their university courses into
practical, effective teaching experiences. The EXEL program

recruited highly capable high school graduates who wanted
to teach. The program called for.students to have two
quarters of practicum experience in an elementary class-
room each year: In addition, the selected students would

take courses in a block so that, for example, social studies
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subject matter could be used to complement science; and
vice versa.
These three strands—process-oriented science, integra-

tion of scientific knowledge from a number of disciplines;
and the EXEL model of extensive preservnce classroom

expernence—led to the current preservice science program.
The state of lndnana modelled mitch of its 1977 teacher

certification program on the Ball State plan:

Creative, resourceful, enthusiastic, and talented faculty
from dcross the camipus have been willinig to spend their
time and energy to design; develop, implement, evaluate,
and revise our program on a continuous basis. Sometimes
the process is formal, and at other times informal and
experimierital. The umver.,lty governance system regulates

adoption and review of major changes, while course im-
provements are handled informally. Task forces, commit-
tees, and small groups of energetic faculty continue to
create new ideas and options. This process can work &t

other institutions with a desire for growth and excellence:

Program Goals

We can summarize the science competence we want for
our preservice teachers in an acronym—ASK. ASK stands
for Attitudes; Skills; and Knowledge: scientific attitudes;
science process skills; and scientific knov/ledge. Science has
at its source the asking of questions, and teachers who
train at Ball State do miore asking of leading questions than

direct telling of answers:

The attitude component is extremely important. If we
stimulate the curiosity of our preservice teachers, give them
the joy of trying their wings in their own investigations,

guide them through inductive and deductive risk-taking in
a relatively safe environment, invite them to discover
wonders in the ordinary, and reward their persistence, they
learn science, and look forward to opening the same doors
for their own students.

~ The scientific skills, 1nterpreted broadly, 1nclude such
learned processes as observing, measuring, identifying prob-

lems real to the student, and proposing and testing possible
solutions. An emphasis on attitudes and skills implies that
our courses must go beyond textbooks to active science.
The knowledge component of ASK means that students
need to develop concepts and principles which will help
them make sense out of their environment. Fecause real

world problems reqiiire information from biology and

physical science as well as Earth/space science, students

should study basic concepts from_each realm.

_ The major goal of preservice elementary teacher eduica-

tion in science at Ball State University is to produce teachers

e Have mastered basic sci .ice knowledge and process skills
so that they are able to teach science well, have confi-
dence in their ability; and look forward to learning more
science themselves

® Firmly believe that science is jntrinéit to the g'oals’ of thé
'glgrjjjenftaryfgchobl; and therefore have a commitment to
teach science .

. Understand the role of classroom scnence 1n enhancmg

16
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content and strategies to the development level of indi-
vidual children

Subjects Covered

Preservice teachers complete at least 22 quarter hours of
science work; plus a science methods class. During each of
the four years they also participate in a fully supervnsed
practicuim course in an elementary school setting in which
they observe and participate in science teaching. Each year
during this school experlence students spend progressively
more assigned time in the schools and assume more and
more responsibility. At each level they have specific science

teaching assignments. They_begin working witl. small
groups of children in the freshman year. Full-fledged stu-
dent teachlng occurs in the senior year

activities or jntegrate science concepts with other curricu-
lum areas. For example, the language arts course uses
stience lessons as a basis for the language experience ac-
tivity approach. The creativity course demonstrates the
development of concepts such as “sandness,” (the qualities
of sand) and uses science activities as a springboard for
creative thought.

About 14 percent of the elementary education majors at
Ball State seek licensing for grades K-3. The science meth-
ods course, Teaching Science in the Early Childhood and
Primary Grades, meets their specific needs. Studerits en-

rolled in early childhood education (pre-kindergarten) also
take this special class in science methods for young children.

Close to 30 percent of our education students participate
in the EXEL program: These students, selected as fresh-

Ball State Unlike other Ball State Elemenfary Educatxon

majors, they participate in supervised teaching field expe-
riences not once, but twice, each year. They also have the
opportunity to do part of this internship in British infant
schools:

~ The EXEL Ebd;g'ew&k is carefully blocked and Eoordi-
the 1ntegratlon of dlsparate dlsc1pl1nes in the classroor. For
instance, a student might see how a population study pro-
posed in the 2 o'clock social studies methods class can be
combined with a sampling technique demonstrated in the 3
o'clock science methods class, to make a fascinating con-

crete investigation for her fifth graders at 10 the next
morning..

Obtaining an elerrientary science endorserent of 32 hours
is a way for preservice students to gain additional depth in
science. Students may select from a variety of science
courses. A number of these, such as Map Reading for
Teachers, Preparation of Materialé to Teach Physical Sci-
ence, and Sound and l:lght are specially 'ssigned for ele-

mentary teaching majors.

Pattern of Science-related Coursework Suggested for Stu-

dents Seeking K-6 Endorsement

Freshman Year
e Biological Concepts for Teachers*—4 gtr: hrs:, 40 percent

lab
18
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® Physical Geography/Earth Science Concepts for

_ Teachers*—4 hrs., 25 percent lab

® Nutrition—3 hrs.

Plus at least one of the following: S

¢ Field and Classroom Experiences in Biology for

_ Teachers* —3 hrs., 33 percent lab =~~~ -

® Astrotiomy Materials for the Teacher*—3 hrs., 33 per-
cent lab - ]

¢ Conservation for Teachers*—3 hrs., 33 percent lab

® Elements of Human Health—3 hrs.

® Global Geography for Teachers*—3 hrs.

Experience in the Elementary School: S
¢ Introduction to Teaching: Seminar and Laboratory*—4
hrs. (observing and tutoring children from a variety of

cultural and ethnic backgrounds)

Sophomore Year

® Physical Science Concepts for Teachers*—4 hrs., 25 per-

_centlab == -

Experience in the Elementary School: . .

® Introduction to Elementary School Classroom Organiza-
tion.and Management*—2-4 hrs. (observation, tutoring,

_ small group instruction} . _

Cotuirses with Componenis Directly Related to Science
Teaching: -

® Human Growth and Development*—4 hrs:

¢ Introduction to Exceptional Children*—4 hrs. .

® Sensory Awareness and Response to Music*—4 hrs.

® Creative Experiences for Young Children*—4 hrs.

Junior Year o , o )

© Teaching of Science in the Elementary School*—3 hrs.,
70 percent hands-on (includes assignments tearhing chil-

_dren) o

Experience in the Elementary School:

® Principles of Teaching and Classroom Manageiment: Ele-

mentary School*—4 hrs. (small and large group instruc-
tion; students teach sets of lessons from each curriculum
area, including science; stresses use of instructional media
_ and materials)_ o
Courses with Components Directiy Related to Science
Teaching: o - o 7
® Educational Psychology: Tests and Measurements—4 hrs.
® The Teaching of Language Arts in the Lower Elementary
Grades*—3 hrs.

Senior Year . . e

® School Health Practices*—4 hrs: (includes materials for
 teaching health) i o .

Experience in the Elementary School:

® Student Tcaching*—14 hrs: (students teach scienice and

_ other subject areas) . ,

Coturses with Components Directly Related to Science

Teaching: e

® Computer Literacy in the Elementary School Class-

~ room*—2 hrs. L _ .

® Discipline and Classroom Management*—4 hrs. =

® Materials and Techniques for Teaching Children of Mul-
tiethnic Backgrounds'—4 hrs. S

® Teaching Reading in the Elementary School*—4 hrs.

*Courses marked with an asterisk are specifically designe..
for elementary teaching majors. .

Aruitoxt provided by Eic:
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Content Courses S } S
Science courses are taught in the departments of biology,
geography, health sciences, natural resources, and physics.
Most of these courses are designed specifically for future
elementarv school teachers. This does not by any means
imply that they are watered down versioiis of iriore exact-

ing courses. Instead; it means that the courses have been
tailored, in collaboration with the department of elementary
educatio, to provide content and skills which are basic to

scientific literacy arid which are applicable to the elemen-
tary science curriculum, - S
Furthermore, the courses generally are taught by faculty
who have certification credentials and who have, in addi-
tion to subject matter expertise, a background in science
methods, well-honed teaching skills; a genuine enthusiasm
for working with preservice teachers, and continuing con-
tacts with the elementary schools. ,
_The _chart also shows that a substant:al portion of in-

class time for the science ciasses is devoted to field and
laboratory experiences during which stidents practice pro-
cesses such as observing, classifying, measuring, collecting
data, and drawing conclusions. Because the size of the
science classes is usually limited to 24, st Jents can receive
individualized atterition. -

During several of the science courses, students explore
graphic examples of the societal implications of science and
technology. For instance,the physical scienice faculty pre-
sents the awesome power of the atom, and then challenges
students to make ethical decisions about efforts to harness
nuclear energy. In the geography/Earth science courses, as

well as in the natural resources offerings, students delve

into the concepts of spaceship earth; population crisis; and
conservation of food, water, and air quality. Natural re-
sources classes investigate local land and energy use. Biol=

ogy classes visit the local water treatment facilities:

Science Methods Class ; ST
The science methods class generally comes in the junior
year; after most of the other science requirements; and
often runs concurrently with the 4-hour school participa-
tion course. This means that approaches and materials can

be applied immediately to real children in a real classroom

setting. The class precedes the senior year student teach-

ing. Students earn three credit hours. . )
The methods instructor models effective science teach-

ing strategies—from the creation of a classroom environ-

ment that promotes positive attitudes toward scien

ce, to small-group investigation, questioning, discussion,

use of instructional media, role playing, recording data,

building models; and brainstorming. In each case, students are

involved in an activity from a student’s point of view an
then discuss the structure and purposes of the activity
from a teacher’s point of view. . -

The first day of class we always do some interactive
scierice, something that students leave the room thinking
about in a positive way. For instance, students love to be
amazed at the large number of pennies which a seemingly
full glass of water can hold without spilling. The first day
also demonstrates how students can work in small groups,
needing just a brief question to get them started, with very
simple materials, and how from this they acquire scientific
attitudes, skills, and knowledge.
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Sinice a specific room is dedicated to science education

classes; we can begin immednately to set up long-term pro-
jects that are left out ¢ counters or windowsills, and
which each group of students checks as soon as they arrive
each day. College juniors are as eager as second graders to
see if their bean seeds or crystals or mealworms have
grown.

The coiirse is aboiit 70 percent kands-on science. During
the first half of the course, the instructor arranges most of
the investigations. During the second half; students peer
teach, directly experiencing 2 wide range of concepts, skills,
and strategies.

Typxcal discussion questlons after an investigation are:
Was this something truly worthwhile to teach children?
Why? What safety precautions were or should liave been
taken? How could the distribution of materials have been

handlzd more efficiently? How else could we have ap-
proached this topic? What skills do students need in order
to do this activity? Would you teach this to a predperational
child? How could we te'l if students have accomplished the
objective?

Thus, sensitivity to safety, the abnhty to facilitate posntwe
science experiences, and the ability to evaluate student pro-

gress on process skills develop from concrete experience:
Students also practice and experience a variety of instruc-
tional strategies.

Our science courses strongly support the focus on ! han-

dling materials and equipment which students receive in
the methods course. The biology courses stress laboratory
skills. The physics and astronomy courses teach students
how to plan a good program with “scienice on a shoestring”

sorts of materials. The physxcs department sells students a
practical and inexpensive science kit, which they regularly
use for teaching. The physics offering also deals with the
,physncs of toys, which students find entertaining as well as
‘useful in instructing students.

A major theme of the methods class is that, although we

cannot learn ‘every interesting way to approach _every con-

cept or skill; we can 1dent1fy major sources of information
about science and science teaching and learn how to use
them. Many students leave Ball State as members of the
Hoosier Association of Science Teachers, NSTA; or CESL
Our students gain firsthand experience with communlty
r¢ ,ources and personnel through field trips in the science
courses, projects in science methods class, and excursions
w:th thelr partncrpatron classes to places such as the plane-
Chnldrens Museum, the Miincie Chlldrens Museum, or
the Ball State weather station and television/radio station.

Through the methods class;, students attend the state science
teachers convention, assist with after-school science classes
at the YWIYMCA, and serve as science fair judges.

Students in the methods class often recognize dlfferen-
ces in Piagetian levels of functioning for the first time in
the Piaget-style interviews they conduct with children of
differing abilities and backgrounds. We analyze science ac-

tivities in terms of the operations which they may teach or
require. We aiso examine the development of Jevels of
understanding causality, as, for example, in observing flota-
tion. We discuss grouping and regrouping students for

science teaching, as is commonly done for reading;
During this course, and during the formal participation
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ccurse; students are required to teach science lessons at

Burris Eaboratory School or in the Muncie Public Schools;
where they must adapt to wide ranges of ability and socio-
economic and ethnic backgrund. They also participate in
overnight camping with elementary students and have work
at a day care cener for disadvantaged children. This course
builds upon material introduced in the reading courses, as
well as in the course Materials and Techkniques ;or Teach-

ing C€hildren of Multiethnic Backgrounds:

Several courses contribute to the ability of students to
use media, computers, and other technologies appropriately
in scienice instruction, This is a major focus of the formal

junior participatnon e$<per1ence 'Every classroom in which

and science software unless the schicol has a bank of micros.
The elementary faculty at Burris School has been very
active in using the computer to teach science. The Burris
teachers and Balii State participants also bring classes to the
Ball State physics department to use its comipiiter bank.

The ‘methods course now requires students to ran and
ment in the electwe course, Computer Lnteracv in the Ele-
mentary School Classroom.

Role of ihe Tm[her and the Sx‘udem‘
The role of the teacher in this preservnce elementary
scierice educatron program is multnfaceted buit its foremost

component is modeling excellent science teachlng In oraer

by reading, attending professional meetings, conduicting
research; and conferring with colleagues. The teachers also
partlcrpate in professional science education organlzatlons,

read the scnence educat:on research and remam abreast of

with the schools The teacher continues to grow profes-
sionally and to maintain enthusiasm for the students and
the field of stiidy. The teacher is also a primary content
resource for the preservice stadent:

The rcle of. the student is to become the best possible
teacher of children. To do this, students need to develop
excellent teaching skills, but they must also learn to know
themselves, as they assume the responsibility of developing
their scientific, intellectual, and interpersonal capabilities to
the fullest.

Evaluation
Of Students
Evaluation of st. ‘dents is done by the faculty and by the

students themselv. s. Scxence courses such as Blologlcal
their laboratory perf irmance, manipulative skills, and prob-
lem solving, as well at ori content mastery: .

In the science methods class; every student provndes a
written critique to every other student on the lessons
taught in class. After teaching lessons to children, the

methods students cutnqhe their own performance; which
has often been tapeJ, and has also received feedback from
the instructor. The ability to plan highly motivating, valid
science lessons and to recognize apgropriate use of tech-

niques is also evaluated. Students are expected to apply
information discussed in class. We stress writing skills, and
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look for their application in lesson plans and reports of
students’ assigned experiences with children. .

Ball State faculty and elementary teachers who supervise
our students in their work with children observe and meet
regularly with students to record progress and make sug-
gestions. The elementary aducation department maintains
individual student development folders in which the pro-
gress of each student is tracked from freshman through
senior year. . L ] .

Faculty members submit faculty alert reports on any
students who inay benefit from special advisement and
counseling regarding their professional skills, knowledge,
speech patterns, or performance.

Of Courses and the Program -
_Students evaluate courses each quarter on forms pro-

vided either by faculty members or by the university edu-

cation center: The Teacher Preparation Council, a faculty

governance board, conducts a first year teacher evaluation
of all recent graduates each year. This includes employer
opinions and self-evaluation by the teaching graduates.
Both before and after graduation, students consistently

note the following strengths of our program: excellent
faculty and instruction, useful application of theory to prac-
tice; positive attitudes and motivation, valuable curriculum
and instructional materials; increase in knowledge; and ex-
cellent teaching assignments. }

__Faculty regularly measure our program against research
data and successful models described in the literature.

Achigvemeiits o , ]
_ Placement bureau reports indicate that 87 percent of our
elementary education graduates have foiind teaching jobs,

in spite of a tight job market. Because of the quality of our
graduates, Ball State University is a major exporter of
teachers to other states in the Midwes: and the rest of the
country: S

A visitor to our program would see our students actually
engaging children in science and doing a good job of it; as
measured by the children’s obvious interest and increase in
knowledge and skills, and our students’ growth in planning

and management skills, creative expression, and self-con-
fidence. It is not uncommon for both our students and their
supervisors to say that their science lessons are the most
successful lessons they have taught: Many say that of all
their professional courses they enjoy science the most. Stu-
dents often comment that their participation in class inves-

tigations has taught them to enjoy science and miade them

more confident about their personal problem solving skills:
__Wehear reports such as, “The child actually cried because
she was scheduled to go to the gifted and talented room
during science time" Student teachers are proud of the
excellent, creative lesson plans they produce, and the re-
sponse their lessons earn from pupils. When a visitor asks;
“What science have you been doing?” the children’s excited

and involved replies tell the whole story.

Keeping the Program Healthy ,
__The ASK program has a number of unique strengths.
Eliminating any of them would threaten progress.

® Students have practical experience with science in the

| 2
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elementary classroom every year beginning in *he fresh-

man year. The experiences in the elementary school begin
early and are continuous; aliowing students to steadily
gain confidence and skills. Classroom experiences are
supervised by the classroom teacher and the university
professor. i o

® As a result of our early success with the EXEL program,
courses are blocked together and faculty demonstrate
integration of information in teaching. Hence science
activities are used to develop language arts skills; science
resource books become valuable materials for reading
lessons, recerding scientific observations becomes an
opportunity to atilize new handwriting skills, and prob-

lem solving skills help overcome geography problems:
Our teacher education majors turn theory into practice
and concepts into activities. =~ L

® Students receive continuous evaluation and feedback
along with diagnostic suggestions to promote growth:

® This is a cooperative program which pocls the expertise
of faculty members from the College of Scierices and
Humanities and the'r peers from Teachers College: A
Science and Mathematics Advisory Resource Team, rep-
resenting these two groups, facilitates communication.

e Faculty members who teach the scierice methods courses

are members_of science departments and teach in the

science discipline as well. Thus they remain current in

science and they maintain contacts with the elementary

schools. -

The content of science courses is designed specifically for

preservice elementary school teachers. . .

® Students are able to gain additional depth in science by
obtaining a specifically tailored science teaching endorse-
ment of 32 hours. . . S

® Faculty who teach in the program have established a tra-
dition of continuing service to the public schools and to
science education; and are committed to maintaining a
high level of leadership. For instance, Dr. Mim Ballou is a
past president of CESI and past secretary, board member,

and national convention chairperson of NSTA. Dr. Jon
Hendrix, Dr. James Watson; and Mrs: Nancy Watson
have contributed papers to NSTA and conducted inser-
vice workshops for many years. Dr. Susan M. Johnson
chairs the Youth Activities Committee of the Indiana

Academy of Science, is a science textbook author; and
works extensively with teachers. Drs. Ballou and John-
son have developed a model elementary science program
with the Fort Wayne, Indiana Community Schools.

® The expérienced and innovative teachers at Burris Lab-
oratory School, a K-12 instittition operated by Ball State,

make it an excellent facility for teacher training and edu-
cational research. _ . o

® We experiment with small modifications every time a
course is taught, so the progran. is alive and responsive.

Ideas for the Future
_ It is always enjoyable to drean: about possibilities: Our
dreams include the development of o
® A summer science camp where children, teachers in train-
ing, and university faculty could promote the science
competence of children and teachers :
® A science seminar series which would bring scientists and
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science educators to our campus for 1-2 week periods of State faculty would be available to assist them with

intensive work with students; practicing teachers; and implementation of their new ideas

facul ® Lear.ing/teaching support teams of university students
e A science education center which would rrovxde state- and faculty who would work fer blocks of time in set-

wujg leadership and resoiirces for science ediication tings needing their services to develop the science knowl-
® A science stimulation program to encourage. classroom edge, attitudes, processes, and skills of inservize teachers

teachers to come to Ball State and be “refuel2d” to enrich ~ We know that dreams can become reality. VVe've seen it

their science programs during a 6-9 week sabbatical. happen with ASK.

When the teachers went back to their classrooms; Ball
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Chapter4
Early Childhood
and Middle

Grades Science

Joseph P. Riley and Michael J. Padilla
212 Aderhold Hall
University of Georgia

Athens, Georgia 30602

—1lementary education at the University of Georgia is
Ec'ivided into two distinct programs, the Early Child-
A_.4hood Program for grades K through 4, and the Mid-
die Grades Program for grades 4 through 8. Each is an
outgrowth of certification requirenients in the state. The
State of Georgia revamped its certification program in the

mid-1970s, providing; instead of elementary (grades K-8)
and secondary (grades 7-12), early childhood {grades K-4),
middle grades (grades 4-»), »nd secondary (grades 7-12)
certificates. Early childhood and middle grades programs
maintain a strong focus or field-based teacher education:
Students are placed into schools the first quarter of their
junior year, with the time spent in the schools increasing
each quarter until student teaching; when the full quarter

is spent in the schools. What follows are separate descrip-
tions of the early childhood and the middle grades pro-

grams at the University of Georgia.

Early Childhood Teacher Education

The Early Childhood Preservice Program is a four quarter
sequence in which each quarter has a distinct purpose and
builds sequentially on those before. Courses are selected
and planned to contribute to the wverall goals for each

particular quarter.The four quarters are focused as fqﬂpwéf
L. The professional decision—guiding the interns to under-

stand the teaching responsibility and their feelings about it

Il. Creative and effective teaching/learning encounters—
planning individual lessons for one child or small groups
liI: Building curriculum-—developing sequential lesscns over

longer periods of time and with more children

IV. Intensive internship—achieving a co-equal status with
the teacher . L L
In addition to overall goals, the program identifies var-
ious roles a teacher must learn and experience in a preser-
vice program. We focus on five important aspects of teacher
activity: o o
® The teacher as a custodian of children
® The teacher as a diagnostician
® The teacher as a tutor S
® The teacher as a manager of learning groups
® The teacher as curriculum develover or planner )
Although there is some overlep each quarter, the roles
are explored as shown in the chart below. (Ana stands for a
major emphasis, a b for a minor one.)

_Quarter _ i
Il HI v

Teaching Role
a a

Custodian
Diagnostician
Tutor
Manager

Planner

(o nl W INE IR

a
a

[ o il VI VI
0N oo oT

The first quarter introduces the intern to the community

and the roles of the individuals in that community, leading
toward the professional decision—"Do I really want to
teach?” To bring that basic decision into focus, each intern
spends two weeks in the school, observing the school
community, but paying particular attention to the respon-
sibilities of the teacher. The intern also studies and practi-
ces communication skills with children and peers, and iden-
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tifies cultural and developmental ditferences among the
children.

Duiring Quar ter II the 1ntern, as the tutorlplanner, panS
individual lessons prescribed by the classroom teacher or
college instructor. Inte:ns teach lessons to peers on campus
to demonstrate a model before using it with students in the
pubiic schools. They learn and practice d variety of teaching
models, such as role playing, concept tez ching: and discov-
ery lessons, While in the public school classroom the interns
also study intcractions between teacheis and students. The
purpose of intern activities during the second quarter is to

create an effective teacherflearner encounter focosing on
skills appropnate 1n a tutorral settmg

and delivering thest planm‘.d lessons to Iarg(r groups of
children over longe: periods than on level I1. At this level
managing skills are emphasized, as the intern begins to take
more responsibility for group instructiori.

The fourth quarter is an intensive internship: Students
complete special teaching assignments during their first
two weeks in the schools. As the term goes on, the interns’
teaching efforts are monitored by school and university

faculty usirg state-developed performance assessment
instruments.

The Early Childhood Science Program
Philosophy of the Program
The program for the p’reparaglon of early childhood sci-

ence teachers recognizes the teacher’s. need for definite
competencies, and provides experiences designed to develop
tHese competencies. The prospective teacher is given
oprortunities to learn: science skills, to examine the philo-
sophy and methodology of teaching science; and to demon-
strate developing teaching competence. The program em-
phasizes the goals and values unige to science in relatic n

to the total elementary school program. The preservice
program also reflects the proswective teacher’s need for a
broad liberal education.

Science Content Courses  _

A unique feature of the Umver51ty of Georgla science
education program is the special set of science courses
aesigned for undergraduate students preparing to enter
the early (hildhood and middle grades programs. Students
who enter the early childhood science program in their
junior year have already completed the 20 quarter hours of

science and mathematlcs requxred by the state: Most have

speciai sections which provide potential teachers with both
the content and the process of science; as well as appro-

priate models for instruction. These courses have limited
enrollments and are taught by faculty in the science depart-
ments as well as science education faculty. Biology and

geology are the most popular offerings:

Early childhood preservice teachers sign up for or their first

science methods course in the first quarter of the four
quarter sequence The perFormance ob;ectwes of thls course

Each competence has been identified in three ways: as a
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arranged under four headings: mstructrox al Pla“!!‘,f}&}h?
nature of elementary scnool science, teaching strategies
and tactics, and classroo'r. managenent skills.

The course is taiught by five facilty members in the

department of science educaticn: While teaching styles vary,
all subscribe to the same generai goals and cooperanvely
identify the objectives to be covered in the course, They

cover the what as well as the Jow of teacking. The nature of

the course can be seer: most clearly, however, in the types
of activities students perform.

Peer Teaching Assxgnments

_ Students are assigned a science topic to plan For and then
teach to a groiip of peers. This teaching session is generally
v1deotaped and later analyzed with the instructor, using a
system of interaction analysis. Further along in the course
the students are again videotaped teaching a lesson. The
two sessions are compared for evidence of improvement in

teaching competence. The Department of Science Educa-
tion has its own video classrooms designed specifically for
recording and playback.

Computer Asszgn ments

Students are expected to develop a”user’ ’level of comput-
er literacy in hands-on experience with a personal computer.
Students learn what is avarlable in elementary science
software by critically reviewing a selection of programs in
the Center for Educational Technology {(CET). The CET,
located on the sariie floor as the department of science
education, houses enough computers to allew students ali
'he trme they wxsh on their assignments. In addition to

are iritroduced to teachvr utilities, programs designed for

the teacher that include such titles as Test Writing and Grade
Book.

Protess Skill Investigations

. After learning the basic and integrated science process
skills, students are required to apply this knowledgé by
designing 1nd1v1dual research investigations. ThHese investi-

gations grow out of the subject matter the students pre-
pare for their microteaching. WWorked on during the quarter
and then reported to the class, thése résearches reinforce
the proicess skills and give students further insights into the
nature of science.

Mastery Learning

Dlagnostlc and prescrlptxve procedures play an Jmportdnt
part in_the biology courses designed for the elementary
preservice student. Through multiple administrations of

diagnostic tests, students can receive individual remedial

assignments; and then take a differen- version of the exam
covering the same unit objectives. Thnis procedure is also
used in testing student knowledge of elementary science
content, in.the same sections of the methods course. Stu-
dents are allowed to retake tests for each content objective
until they have attained mastery.

Hands-on_Instruction
The class format of the methods course tymcally involves
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science activities. On any ziven day one inigh® see students
theasuring oiit a scale model of the soiar system down a
nallway or flyirig paper airplanes to determiiie what varia-

bles affect ilying time ana distance. Materials from ESS,
SCIS, CAFA, OBIS, and many other science programs are
available to ctuderits, alcng with a complete library center

and trips to the unuversity’s marine educatioral ‘acilities on
the coa:t. The activities orientation of these classes reflects
the philosophy and goals set forth in the positi~n state-
ments of the Nationai Science Teachers Association and
earlier guidelines frcm the Airericar Asvociation for the
Advancement of Science.

Middle Grades Teacher Education

General Reguirements L
The Middle Grades certificate requires specialization in

at least two distinct teaching fieids and the completion of a

state-certified four year teacher preparation program.

Forty-five quarter hours (25 in the first major teaching

field and 20 in the second) beyond the first two core years
of college coursework must be completed in two of the
followinig areas: languiage arts, science, mathematics, or
social studies: In addition, all applicants for first-time middle
grades certificates must take a five quarter-hour course in
the identification and education of children with special
needs, and must complete a five quarter-hour course in the
teaching of reading:
The Professional Education Component . .
The heart ot the professional ediication component of

the middle grades program is four sets of courses desig-
nated as Phases ]-IV. The basic courses in each phase are
interspersed throughout the junior and senior years. All
courses in a phase are taken as a block. Many are field

based, with numerous opportunities to observe and teach
in middle grades classrooms. ] ,

__Phase I courses introduce the student to the nature of
the middle grades and the early adolescent. College stu-
dents are gently eased from observing in classrooms to
working with small groups of students. Phase Il courses
focus on planning for instruction and the instructional pro-

cess itself. Students plan and teach their own week-long

units. During Phase III the focus continues to be on plan-
ning and instruction, with the students preparing and teach-
ing a two-week unit: This phase also emphasizeés the middle
grades curriculum: ; S

Phase IV, student teaching, begins with a formative

comiporent in which siipervisors from the two aress o
specialization, the university supervisor, and the sponsor
teacher gradually give the student increasing teachii'g
responsibility, providing feedback and suggestions through-
out: During the last three weeks, while the student teacher
has full-time responsibility for teaching, a summative
assessment (u.ing a state-wide assessment measure called

the Teacher Performance Assessment Instrument) is
scheduled and conducted by the sponsor teacher and the
university supervisor (see Capie, Johnson, Anderson, Ellett,
& Okey, 1979). Science education faculty supervise middle
grades science teachers. :
Since the state of Georgia does not certify middle grades

teachers for specific subject areas, prospective teachers must
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be ready to teach all subjects. Therefore, ail of oir students
take five-hour methods courses ir: their two non-specialty
areas as well. For example, ali students who identify them-
selves as math/language arts majors must take methods

courses in social science and science in addition to their
specialty methods courses.

Middle Grades Science Specialization

Each specialty area (science, math, language arts, and
social studies) is responsible for advising its students for 30
quarter hours of work, vhether that arca is considered the
first or second major conceatration. In science, siudents
usually take 20 quarter hou.s of science courses (in addition

to the 10 quarter hours taken in the core, normally a biol-
ogy sequence) and two five-hour science methods
classes: One goal of science specialization is to confer zs

broad a science background as possible on prospective

teachers so that they will feel comfortable teaching all the
science topics in the middle grades curriculum. Students are
urged to take science courses that maich the local curricula.
Since the most common local pattern is general science iii
sixth grade, life science in seventh, and Earth science in
eighth, most students take at least five hours each of biol-

ogy. geology, and physical scierice.

The two specialist science methods courses are field based
and taught concurrently as one ten-four course: These
courses are usually taken after Phase IIl but before Phase
IV. In general, students meet their instriictor on campus

for three or four two-hour periods per week, and spend the
other two to four class hours in a middle grades science
classroom as arranged by the instructor.

Goals for Middle Grades Science Teacher Education S
__The training for middle grades teachers who identify
science as one of their two specialty areas has been designed
to meet a set of goals adopted by the program faculty.
These goils, their rationale, and a brief description of goal-
related activities follow.

Goal I—Miiddle grades teachers should demonstrate a pro-
ficiericy in the basic and integrated process skills.
The general trend in middle grades science curricula is to

stress process skill objectives and activities: Science coritent

courses generally do not allow students to become familiar
with and competent ip the process skills. "herefore; this
need must be met in the teacher education program.
Process skill learning revolves around 16 self-instructional
modules, each focused on a single process skill (Funk, Okey,
Fiel, Janus, & Sprague, 1979). Each module includes a list of
performanc: objectives, activities, self-checks, a mastery
test; and ide as that can be used in the classroom: The activi-
ties require ..imple to use and easy to acquire materials such
as candles, bz by food jars, spring scales, batteries, and bulbs.
Many are appropriate for future use with middle grades
students. = o - . . :
__Although the modules are self-instructional and self-

paced, the students are closely monitored as they complete

the activities. Class discussions and short introductory or

evaluative process skill exercises are regular parts of class
meetings.
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Goal —Middle grades teachers should demonstrate a full

repertoire of teaching strategies and behaviors: .
‘No single teaching behavior or strategy is effective for all

S|tuatlons Thls is e=aec1al|y true at the mlddle grades level

temendously y. Thexefore middle grades teachers must ac-
quire a full range of teaching behaviors and be able to use
them appropriately.

Tour types of activities are used to lnﬂuence the teachmg
behavior of middle grades teachers. First; the students be-
come familiar with two teaching strategy analysis systems,
the Teaching Strategy Observation Differential, or TSOD

tAnderson; Strcthers; & James, 1974); znd the Data Pro-
cessing Observation. Guide, or DPOG (Yeany & Capie,
1979). Second, thiey view vidéotaped models of middle school
teachmg situations and code the behaviors they observe

using the TSOD or DPOG. From these tapes; they abstract
and discuss general principles for teaching specific types of
lessons, including lecture, demonstration, activity, and pro-

cess skill activity. . -

_Third;, the students engage in peer teaching; they.are
videotaped and then required to analyze and code their
own teaching behaviors. Research on these procedures

indicates that the teachers acquire a broader set of more
indirect behaviors as a result of this self-assessment. Finally,
students teach several public school lessons. At least oneé is
videotaped and critiqued by a university instructor.

Goal llI—Middle grades teachers should understand and be
able to respond to the needs of adolescents in terms of their

social, emotional, physical, and cognitive development.

The middle grades learner is_ unique and perplexing;
undergoing rapid change in social, emotional, physical and
cognitive development. These changes cannot be ignored,

since they strongly affect the Iearmng process. Middle
grades science teachers must be able to respond to the
changing individual both in a personal way and through the
curriculum experiences they present:

Early preservice activities designed to meet this goal cen-
ter around the observation of pupils in the public schools.
Students have observed middle grades pupils throughout

the program, but the emphasns is now directed to scienice

classes, where they continue to work with entire classes
and individuals, including problem students. Social, emo-
tional, physical, and especially cognitive develcpment have

been taught before; but students review them now with
special attention to their effect on science learning and
instruction. Two major goals are stressed: matching the

iearnlng method to developmental characterlshcs, and using
process skill activities to promote cognitive growth:

Goal IV—Middle grades teachers should demonstrate

knowledge of the range of science curriculum materials and

activities appropriate for different pupils and grade levels:
Time, effort, and money have been liberally expended in

recent years to develop science curricula at both local and

national levels. Some of these materials are effectively de-
s:gned to meet the specxal needs of the mlddle grades

the nature and extent of these materials in order to intelli-

gently select and/or develop the best science curricula for
their own situations.
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The major emphasis in this area is on examining and
comparing middle grades curriculum materials, such as
Intermediate Science Curriculum Study and BSCS Hunmn Sciences;
and getting to know the activity units that can be used io
supplement traditionai textbook programs (e.g., Examining

Your Environment and Elementary Stxenre Study). The students

are also directed toward journals as sources of activities and
teaching ideas (i.e., Science and Childven, The Science Teacher and
The Georgia Scxenceifgaicher) Representative activities are se-
lected and presented to peers, who participate much as
middle grades pupils would. Preservice teachers also review
representative science software on topics taught in the

middle grades:

Goal V—Middle grades teachers should demonstrate an
ability to manage both materials and pupils in a way which
maximizes learning: S

One of the skills most often cited as lacking. in middle
grades teachers is the ability to manage time and materials
while controlling pupil behavior. Order is a prerequiisite to

effective instruction, especiaily when student activity has a
high instructional priority. Our program spares no effort in
helping teachers to acquire the managernent skills they

need to keep order in their classes.

During their school observations; university students
record the on-task behavior of middle school students and
look for teacker behaviors that correlate with either high
on-task or high off-task pupil behaviors. University class-
room discussions of effective and ineffective management
are based on these data. We especially emphasize appro-
priate methods of handmg out, retrieving, and storing
science equipment and appropriate methods of managing
students during activity lessons.

In bne successful role-playing activity, a student engages

in peer teaching while peers act out roles related to typical

behavior problems. The peer students are instructed on
how to pro;ect this_misbehavior during instruction. The
“teachers” are )udged and counseled on their ability to |den-
tify and control the behavior problems.

Goal VI—Middle grades teachers should plan and prepare
science instruction for achieving objectives with learners of

different abilities and interests: S

Careful planning and preparation is the first step toward
success in any venture. Planning for middle grades teaching
requires not only knowledge of content and organizational
skills; but also an attitude that values plannmg The func-
tion of the training program; then, must be to instill both
skills and attitiides in the middle grades teacher.

The planning emphasis here is a continuation of training

that starts very early in the middle grades program; so
students have already mastered most of the basic skxlls in

oB)ectnve writing, lesson planning, and unit planning for
science instruction. .

‘Students practice writing behavnorally stated ob;ectlves,
using Bloom's taxonomy, -and selecting and writing science-

specific objectives. They review lesson planning and write

several plans durlng the course, for mlcroteanhmg and

plan: Since unit planning brings the teacher’s creative abili-
ties to bear on the many resources already available; unit
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ious curriculum resources: Students.submit a anit as one
component of their summative evaluation. They receive
formative feedback regarding this unit at various times
throughout the course:

Goal VII—Middle grades teachers should be able to con-
struct formative and summative measures of science
objectives:

An important but often neglected area of teaching is
assessment and evaluation of instruction and pupils. Only
through objective assessment of desired outcorries can the
planning and execution of lessons be ]udged for effective-
ness. Also; it is only through systematic assessment of pupil
achievement that we can diagnose learring difficulties and
make decisions about ‘the learner’s acquisition of skills and

concepts. We make every effort to impart sound measure-
ment techniques to our middle grades teachers.

The characteristics of a good classroom test and the rea-
sons for testing are reviewed and discussed in regard to

scicrre instruction. Instructors stress the importance of
using a table of specifications to be sure those characteris-
tics are present. The class discusses different types of tests,
underscoring the concepts of formative and summative
evaluation and the uses of pretests.

Item construction is strongly. emphas:zed and practlced
with the proper use of muiltiple response, short answer,

?’,r,‘fd, essay ltems examxned and discussed 1n a scxence con-
mentatlon of a Iaboratory practlcal exam suntable for m:ddle
grades students. Students then construct both formative

and summative measures for a unit of instruction:

Goal VIlI—Middle grades teachers should be able to iden-
tify resources available through professnonal organizations

and ]ournals
zations and pubhcatlons unique to the profession and
understands the purposes and services of each. Many pub-
lications and several organizations can _serve as excellent
resources for middle grades teachers. Our training activi-
ties call attention to these sources of ideas, information,
and assistance:

The activities related to thls goal are mterspersed wnth
other goal-related activities. For example, students examine
the how-to and currlculum review sections of journals

when they are assess:ng curriculum materials. The special
middle grades services and materials of the National Science
Teachers Association are explored in this process.

Goal IX—Middle grades teachers should be able to use the
computer to enhance science instructicii.
Each middle _grades teacher is given four to snx days of

basic computer instruction, which includes using the com-
puter for testing and grading; and evaluating science
software. In addition, about a third of our middle grades
students take a special five quarter-hour course, Microcom-

puters_and Science Education. This course emphasizes
general computer literacy, word processing, simple pro-
gramming techniques, and software review, as well as the
use of teacher utility programs. The course is taught by
science education department faculty.
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Meonds for the Non-Suenre Ma)or

ing science as a major field has ob)ectlves similar to thoﬁseof
the major’s course. Hov ever, by necessity, the treatment
of these objectives is somewhat abbreviated. Other differ-

ences are that the course is not field based, students do less

microteaching; and there are fewer total hours of course-
work {50, versus 100 for majors). Since most of these stu-
dents have a puor attitude toward science, the course gives

special emphasis to relieving their anxieties and fears and

replacing them with positive attitudes.

Early and Middle Grades Programs: What Needs To Be
Done? .

_ The department of science education faculty would like
to see additional science courses made a prerequisite for
early childhood science teachers . Although & special physics

class for elementary teachers was offered, there has not
been enough enrollment to support it. Students avoid
chemlstry and physics by taking their required science
courses in biology and geology. We need to add another
course requirement in the physical sciences.

Another major problem area is the lack of subject matter
certification at the middle grades level in the state of Geor-

gia. Presently the state has a surplus of teachers in lan-
guage arts and social studies and a shortage in science and
mathematics. Because there is no subject matter certifica-
tion, an administrator can Iegally place any middle grades
certified teacher in a science classroom.. Those without
science as a specialty have only minimal preparation to
teach scierice, usially two content courses and one riethods
course. Many do an inadequate job. While professional
educators have long argued for subject matter certification,
it seems unlikely that this will come about soon. Many
small, rural school districts would be especially hard hit by a

change, due to the lack of teachers in math and science and
their inability to attract those who are available.

The evidence collected from supervisors of student
teachers and principals lndlcates that our program prepares
excellent middle grades science teachers. Above all; the
program prepares individuals who want to be middle grades
teachers and who want to work with preadolescents and
young teens: This is a distinct, positive, and much needed
change from the situation of recent years.

Program Max;xtenmxre

The most lmportant factor in program maintenance for
the department of science education is continuous program
review. Every two to three years department faculty
thoroughily review all programs in the department. Changes
usually reflect changes in the public schools and other early
childhood and middle grades programs, as well as new cur-

ricula and teacher training techniques.

Evaluahon )
Formative and summatlve evaluatlons are conducted to
see if students are attaining the objectives of the program.

Both the student and the program are evaluated. In the
early childhood methods course students are given pretests
measuring their content and process knowledge. The con-
tent test is derived:from the released items of the National
Assessment of Educational Progress (NAEP), and is updated
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with newer items as NAEP releases them. The NAEP items
were initerided to assess the scienice literacy of nine, 13, and
17 year olds: The released items for the nine and 13 year

olds are given to the early childhood preservice teachers as
a pre- and postteést to evaluate the program’s effectiveness
in improving their science content knowledge. These scores

are not criterion referenced to course objectives and are not

included in the student’s grade. Criterion referenced con-
tent items are administered at the end of the quarter and in
some classes in a mastery learning model. In this model,

students can continue taking some form of the test until
they master the objectives.. o . L
Process skills in both the early childhood and middle

grades programs are evaluated using two instruments
developed in the department._ The basic process skills are
measured by using the Basic Process Skills Test, or BAPS
(Padilla, Cronin, & Twiest, 1985). The integrated process
skills are measured using the Test of Integrated Process
Skills (TIPS: Okey & Dillashaw, 1979). o ]

~_We will build on our own strengths, and learn from
those of our peers, as we continually improve preservice

elementary education at the University of Georgia.
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and
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Ypsilanti, Michigan 48197

—Vastern Michigan University (EMU) is a multipur-
pose institution whose roots date back to 1849, when

dit was established by the Michigan Legislature to
ediicate teachers for the state’s public schools. During its
first hundred years the Michigan State Normal School, as

EMU was then called; certified thousands of teachers: It
continues to emphasize teacher education today, even
thouigh it has broadened its scope and diversified its pro-

grams since becommgra university in 1959. Eastern Michi-

gan is one of the largest teacher education institutions in
the nation and is widely respected in this field.
Student enrollment has continued to increase during the

1980s, in spite of rising tuition and a falling college-age

population nationwide, reaching 20,200 during_the winter
1985 term. EMU'’s focal point is southeastern Michigan, an
area of small cities and towns like our home base, Ypsilanti,

population 24,000: Thirty miles to the east is Detroit; indus-

trial and business hub of the Great Lakes; an equal distance
to the south is Toledo, northernmost city on the Ohio

border‘

departments——-blology, chemistry, geography and geology,
and physics and astronomy—formed a committee to study

ways to improve the science education program for ele-

mentary education majors at Eastern Michigan University.
Prior to that time, elementary education majors were

allowed to elect a four-credit-hour introductory course in

each of two science fields and a three-credit-nour course in

methods of teaching elementary science. Most elementary
education majors elected to take courses in biology and

Earth science. Because they were intimidated by the more

quantltatlve sciences, most of them received no preparation
in either chemistry or physics.

The committee studying this problem met weekly for

several semesters, and after many hours of discussion,

formulated objectives for an elementary science education
program and plans for a pilot project to achieve these objec-
tives. They agreed to set up a new science program for

training elementary teachers as an alternative to the regu-

lar university program. This optional program; would
require its students to take four separate three-semester-
hour courses in physics, chemistry, Earth science, and biol-

ogy. The program would be spread over four semesters,
ending no later than the middle of the student’s senior
year. The course in methods of teaching science could be

omitted because teaching methods would be included in

each of the four discipline courses:
For five years the four courses were taught as a pilot

project with volunteer student participants. In 1975 the

university recognized the project for the strengths that it

added to the elementary education major by making it a
requirement for all students in that field. Nearly every stu-
dent who has enrolled in the early and later elementary

curriculum since the adoption of the program has gradu-

ated from the university with at least one course in each of
the four sciences: biology, chemistry, Earth science, and
physics: These same courses provide specialized instruction

in the techniques of teaching each science subject to ele-
mentary school children.
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Our Program
_ In order to provnde prospective elementary science
teachers with a comprehensive background in science con-

tent and teaching methodology; the College of Arts and

Sciences and the College of Education at Eastern Michigan

University have developed a program that is innovative in

at least six respects.

® Teacher-trainees complete courses in each of_the four
major areas of science—biology, chemistry, Earth science,

_ and physics.

* Four separate science departments and the teacher edu-

cation department have joined in the program’s planning
~ and continued review and revision.
® The program blends methods and content into an inte-

grated teacher education curriculum: Methodology in-
struction is incorporated into each of the four courses. As
a result, the trainee learns how to teach science at the
same time that he or she studies content material.

¢ The concepts taught in the courses are selected to match
the basic scientific understandings elementary school

, teachers need.

® The laboratory portion of each course is designed to give
the prospective teachers hands-on experience with sim-
ple and inexpensive laboratory mater|als These act|v1t|es
develop scientific attitudes:

® Throughout the program, trainees teach science to chil-
dren in local elementary schools. These experiences begin
with small-group microlessons and gradually build to the

teaching of full-period lessons to entire classes:

Blending methods and content into an integrated teacher
education program, our courses stress the basic under-
standlngs ‘elementary school teachers nieed. No atterript is

made to cover every aspect of content as might be done in
traditional college science courses. The laboratory program
is designed to give prospective elementary teachers hands-
on experience with simple and inexpensive laboratory

materials. Furthermore, the laboratory program provides
experience with all the process skills recommended by the
Michigan State Departrient of Education.

The total program departs from standard teacher train-
ing programs in its laboratory emphasis, content, metho-

dology, materials, and curriculum.

Laboratory

The learner is actlvely |nvolved in a greatly modified
scienice laboratory setting. In traditional laboratory programs
the learner is given sophisticated materials that illustrate

science principles already presentea by the lecturer. In our
or equiptnent the students have made themselves, is the
catalyst for active inquiry. Out of the laboratory experience
comes understanding about the science endeavor and its
impact on people and society.

Content

In the traditional program the student moves through
individual science courses which are presented as if they
were unrelated to one another. In contrast, our elementary
science program involves students in four science disci-
plines in a manner which reveals the intricate relationships

between the physical and biological sciences. Each student
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actively participates in the four-course program using lab-

oratory experiences as the medium for science content:

Methodology

The standard, isolated methods course has been elimi-
nated in our elementary science program. Instead!, method-
ology is included along with the content at those times
when it is most appropriate. Students take part in a large
number of methods activities; mcludlng lesson and unit
planning, microteaching experiences, computer assisted
instruction, and evaluation of various science textbooks. In

addition, students often attend science conferences and

judge at science fairs. Integrating methodology with con-
tent has proved far superior to the former approach.

Sciente for Elemenmry Teitchers—Earth Sciente

Earth science instruction belongs in the elementary
school. It is especially effective when it is integrated with
physical science and biologicil science in the curriculum.
Experience has shown; however, that elementary school

teachers generally shy away. from teaching Earth science
topxcs unless they have considerable background in the sub—

elementary teachers have received adequate and up-to-date

instruction, both in subject matter and methods of teaching
Earth science.

~ The lectures given in the course describe and demrion-
strate non-quantitatively some of the basic Earth science
principles dealing with the materials of the Earth; processes
at the Earth’s surface and within its atmosphere, and Earth

history. Recitation/lectiire sections permit the students to

interact with one another and.their instructor regarding
the elementary school level. The instructor makes every
effort to stimulate interest in Earth science and to convey
its lnterd15c1pllnary nature: No one can fully understand

any of ihe Earth science processes wnthout at least a begin-

The laboratory portion of the cotrse is designed to lead
the student to discover some of the basic Earth science
concepts. The investigations deal with minerals, rocks; soil,
streams, fossils, geologic history, weather, and topographic
maps, using s:mple,)nexpenswe equipmient of the type that
is readily available for use in the elementary school class-
room. The laboratory experiences are similar to those which
the teacher will in turn present at the elementary school

level.

Scxence for Elemenmry Teachers—Bwlogy

~ The goal of the cotirse is to prepare stiidents to teach the
bxologlcal aspects of modern elementary school science. The
lecture_portion of the biology course introduces blologxcal
principles that are basic to most college biology courses and
erphasizes those that are found in elementary science
programs. They include characteristics of living things;
plants, animals, ecology, systems of the_ human body, and

environmental education. Students explore these content
areas through laboratory and field work experiences using

simple equipment and materials:

The laboratory investigations stress exploration and dis-
covery and are Selected for their appropriateness to ele-
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mentary teaching. Students are given the opportunity to
try some of these investigations with children as they teach

science lessons.in local elementary schools: Durmg the
course, the teacher-trainees teach at least four science les-
sons in early and late elementary classrooms. In planning

their lessons they make extensive use of the science teacher

education center, located next to the blology education
classroom and housing elementary science curricula from
more than 20 publishers:

Qther laboratory sessions provide opportunities for the

students to explore such topics as using the school site to
teach science, organizing the classroom for science teach-

ing, and the use of computers ii science teaching. A major

goal of the course is to allow students to experience the
fascination of science and to gain confidence in their ability
to teach it.

Science for Elementary Teachers—Chemistry

The lecture portion of the chemistry course includes
many of the basic topics found in introductory textbooks.
Spec:al emphasis is given to topics suggested in the Ameri-
can Association for the Advancement of Science Guidelines
for Preservice Sciencé Education of Elementary School
Teachers. Topics that receive heavy emphasrs becatise of

their relevance to the chemlstry found in many corrent

elementary science programs include introductory. atomic
theory, properties of states of matter, behavior of gases,
solubility and solutions, common chemical reactions, and

acids and bases: The course is structured to eliminate any

for Nonscience Students program which was developed

with support from the National Science Foundation.
Like the other three science courses in the program, the
chermiistry course involves considerable laboratory work.

E:.periments are based on activities frequently found in
elementary science curricula. Whenever possible; simple
equipment is constructed from readily available materials,

using chemiicals which can be obtained from grocery stores,

drug stores, and other local sources:
Students gain practical teaching experience b/ conduct-
ing classroom demonstratnons, presentmg lessons to fellow

dents who are brought into the chemistry classrcom:

Science for Elemenlary Tmchers-—Phystcs

The lectures given in this course describe and demon-
strate in qualitative terms some of the basic physical princi-
ples dealing with matte: and measurement; the effect of

forces on matter and on the motion of bodies; work, energy,

and heat; the nature and properties of wave motion, with
applications to sound and light; the properties and effects of
electricity and magnetism; and the history and current
state of astronomy, particularly in relation to the solar
system.

Recitation sections of no more than 20 students enable
the mermbe:s of the class to interact with each other and
the professor about the basic scientific principles and pro-

cesses that pertann to elementary education. The course
stimulates interest in science and insight into its processes;
rather than offering a large body of knowledge to be mem=
orized and dealt with in a mathematical and theoretical
manner.
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The laboratory portion of the course leads the student
into a rediscovery of sorie of the basic principles of science.

Students learn to use inexpensive equipment of the type
that is found in elementary school classrooms. They prac-
tice the basic kinds of measurement used in science pro-
cesses and gain confidence in their own abxllty to do science.

The laboratory experiences are similar to those the teacher

density, buoyancy, pressire in fluids, elastncnty in solids,
measurement of force and motion, properties of sound and
light, magnetism, and the effects of eleccricity.

~ The textbook has been selected from physical science
books written at an elementary level and uses a very simple

mathematical approach. -

Because teachers teach as they are. taught the elemen-
tary education science program provides_the kinds of in-
struction we expect prospective teachets to give their sti-

dents. This includes extensive hands-on experience with
simple and inexpensive laboratory materials. Putting simple
equipment into the hands of prospective teachers helps
them overcome their fear of science and builds their confi-
dence in their own ability to teach it: _

~In add’#un_to the University Center of Educatlonal
Resource- and the Instructional Materials Center, students

in the eleinentary science program have access to two other
resou: ce libraries. One is located in the biology department
and contains a wide collection of elementary science text-

books, periodicals, teacher resotrce books, equipmient, and

a microcomputer. The other library is located in the physics
department and contains science programs and materials
orimarily related to middle school and junior high schoo!.
The physics department also houses a Science Materials

Center where students may checl< out teachxng materlals
the1r own classrooms.
Our students learn to use outs:de resoiirces through the

numerous field trips the program provides. They visit the
Detroit Zoo, the Detroit Science Center, the University of
Mnchlgan Botanical Gardens, and the University of Michi-
gan Museum of Natural History: In addition, students are
given an opportunity to attend at least one science educa-
tion conference each semester. University transportation is
provided for those who participate. During the past year,

students have attended conferences of the Michigan Scierice
Teachers Association, the Metropolitan Detroit Science
Teachers Association, and the Michigan Environmental
Education Association: Students also have the opportunity

to take classes at_the Kresge Environmental Education
Center, owned and operated by Eastern Michigan Univer-
sity. The Center consists of a 240-acre tract of land wh.ch
includes a variety of terrain;, vegetation, and animal life:
Classroom, dining, and lodging facilities are available at the
Center for students and staff.

Evaluation
At the timme that the elementary science ediication pro-

gram became a requirement for elementary teachers; an
extensive series of surveys was done to determine what
should be included in the program and to obtain informa-
tion concernirig its graduates

Feedback obtained through questionnaires, student eva-
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luation reports, and unsolicited Eéﬁ};ﬁéhi;lfférrﬁ éfqaénfﬁ
enrolled in the project has been very favorable. Students
report that the program gives them the type of prepara-

tion they need to teach science to children, and that they

much prefer the type of instruction they have received to

that provided in the regular introductory science courses.
The University Council on Teacher Education is the

major intercollege agency responsible for monitoring the
teacher education programs. The four science departments
receritly made an extensivé presentation to the council
regarding the science education component. The council

was in agreement that the programs lend strength and
continuity to the teacher training curriculum; and extended
its continued support.

Every instructor of the required science courses is evalu-
ated each fall by the campus-wide student evaluation pro-
gram. While the questions are mainly directed to the qual-
ity of instruction, students also express opinions about the
nature of the courses. Their responses are invariably very
supportive of the program. = o

In addition to these formal evaluations, much evaluation

has been done by informal means such as talking to stu-

dents and graduates. Instructors of the science courses
spend extensive time in area schools observing the perfor-
mance of students currently enrolled in the program and
its_graduates: . o -
- Numerous students come back to their science instruc-
tors after completing the course to borrow science equip-
ment and materials to use in their student teaching. Super-

visory teachers and employers report that the graduates do
teach science and teach it well.

Response to Evaluations S -
The four science courses have been changed over the

years since they were first instituted because of the formal

and informal feedback just described. Some of the more

significant changes that have been made are:

® Increased practice with actual science teaching, both to

_ peers and to elementary students )

® Wiser selection of content: courses have become more
practical and less theoretical . . L

® Greater emphasis on the methods and professional aspects

_ of teaching science : L

® More appropriate experiments, as course activities have
been revised by instructors over the years

® G:eater exposure to a wider variety of activities, includ-
ing examination of and use of commercial élemeéntary

science programs

30

ERIC

Aruitoxt provided by Eic:

® Increased nuinbers of stiidents and faculty attending and

participating in science conferences =~

® Increased numbers of faculty and students serving as
judges at science fairs, and an increase in the number of
fairs judged

Plans jor Improvement , , S
__We would like to have the students enrolled in the four
science courses participate in a greater niimber of TV
microteaching experiences. Since one of our instructo. 5
served as director of the microteaching laboratory at Weber
State College, he is qualified to instruct and supervise stu-

dents in the use of this technique: In conjunction with the
other training techniques, additional TV microteaching
should be a useful adjunct to our program. ]
We are currently in the process of writing a proposal to
the National Science Foundation to fund several portable
TV cameras and playback equipment. If we obtain this basic
apparatus, our students will have additional opportunities
to teach brief lessons to small groups of elementary school
pupils while being videataped: . -
_ Then, in addition to the usual methods of evaluating the
lesson (pupil feedback, supervisors’ critiques, etc.), the

teacher trainee will have chances for continuious self-evalua-

tion, because the lessons will be on videotape: There will be
a permanent record against which to measure future per-
formances. If the student has failed to demonstrate mas-
tery of, for example, asking questions effectively, he or she
can teach the same lesson later to another group of stu-
dents. The trainee can master each skill in turn before
moving on to the next. ) )
Another aspect of our program is its emphasis on
computer-assisted instruction. In the near future, Eastern
Michigan University students enrolled in the early and later
elementary curriculum will be required to take a one-credit-
hour microcomputer course. We expect that these students
will come to the science for elementary teachers courses
with @ basic foundation in the educational applications of
computers. ! S
We plan to build on this background and continue to
provide opportunities for them to examine and evaluate
the science software used in elementary school teaching.
More importantly, they will explore those data base
management and sp: 2ad sheet systems which are appro-
priate for elementary school pupils. These systems provide
an exciting new tool for elementary pupils to synthesize

information and draw generalizations from it.
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—Y he acronym SODIA sums up the Utah State Uni-
versity elementary teacher education program. The
C name is derived from the first letters of five descrip-

tive words—Self, Others, Disciplines; Implementation, and
Associate Teaching—which represent the five levels of the
program: e

Level I; Self, is represented by tlie letter S in the acro-
nym. At this introductory level we develop the student’s
understanding of the relationships between personal

characteristics and the ability and desire to teach. Students

in Level I spend a mirimum of 10 hours observing in ele-
mentary schools at various grade levels. Classwork and
counseling provide a variety of other experiences to help
students decide whether teaching is really the profession
they want to pursue. o

_ LevelII, Others, is represented by the O in the acronym.
Entrance to Level I reqiires prior admission to teacher

education; awarded after successful completion of Level I,

and a 2.5 grade average. In this block students are assigned
to one of the cooperating public schools, where they spend
approximately half of each day working in classrooms as

tutors and aides. They spend the rest of their.time in
seminars and classes, either at the portal schools or on
campus. The 15 hours of courses include Educational
Psychology, Education of the Exceptional Child, and
Foundation Studies in Teacking, as well as the Practicum in
Flementary Education. o

Level Il], Disciplines, is represented by the D in the acro-

nym. Students_are assigned to classroom and seminar

experiences at the Edith Bowen Laboratory School on the
USU campus, where they take 18 hours of methods courses
in reading, social studies, language arts, science, and mathe-

matics. They diagnose; prescribe, teach, evaluate, and re-
teach in all five subject matter areas. Students develop a
variety of methods and approaches using diagnostic and

prescriptive techniques. S
__Level 1V, Implementation; is represented by the I in
SODIA. This is the student teaching phase of the program.
Students spend a full quarter teaching in the schools in
their junior year: : -
Level V, Associate Teaching; is the A_in_the_ acronym:
Associate teaching is an optional, individualized program
for senior students who have successfully completed their

student teaching and want additional experience in the
schools. Students may earn from three to 12 extra credits;
functioning as full-fledged membeis of the teaching team
under the direct supervision of the cooperating teacher.

Associateships are for the full academic year. Associates
work with a master teacher and receive 5/8 salary. .

In the program’s early years both students and faculty
consistently reported that the Level Il methods term placed
excessive demands on students. Over the years successive
adjustments were made to achieve a reasonable balance
between methods course requirements and practicum expe-
riences. The number of college class hours in the 15 credit
hours of methods courses was reduced, on the grounds
that students learned theory as well as practice in their
elementary classroom experience. While this may have been
true for the other content areas, many students reported
that their classroom assignments offered little or no oppor-
tunity to teach science.

For this reason, the on-campus time for the science
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methods course was increased to more nearly match that
of a standard three-hour ~ontent course. Even after this
adjustment, however, students consistently indicated that

tBey wanted more time for science methods; and gave high

At abotit the same time, national and state concern for
the science competencies of elementary teachers (National
Science Board; 1983; Milne,_1983; Daugs, 1983) led to
meetings between College of Science and College of Educa-
tion faculty, A USU Science Education Advisory Group

was initiated in 1983 to include the dean of education; the
dean of science; two science educators; and the biology,
geology, physics, and chemlstry department heads.

As a result of the group’s recommendation, USU changed

the science reqmrements for elementary sctiool teachers
and developed a new science methods course. The changes
met or exceeded the 1983 NSTA recommendations for cer-

tification of elementary teachers: o
The science methods course; including a science-only

practicurm, was made a five-credit prerequisits to the Level

Il course block, and introdiiced as an intermediate step

between Level Il and Level III. This requirement insured a

more uniform expcosure to saence teaching than had been
possible ir the previous program.

Rationale
Early research (Rutledge; 1957; Beryyessa, 1959; Wishart,

1961) revealed a positive correlation between science back~
ground and various science and nonscience _teaching com-
petericies. More recent research (DeRose, 1979; Fitch, 1979;
Donellan, 1982) demonstrates that many elementary

teachers feel unqualified to tea.i. science because of their

poor preservice preparation.
Although there is almost unlversal agreement on these

findings and on the importance f scierice education; few

colleges and universities hove matched research findings
with program offerings. Many science educators have
emph351zed the importance of the content foundation in

process-nriented science (Blosser; 1969; Victor; 1974;
McDermott, 1976; Suchman, 1976; Rowe; 1978). Yet only
one-third of the institutions Stedman surveyed in 1982 had
designed their science content courses to meet the needs of
<lementary teachers. .

~ AAAS guidelines released in 1970 called for a match
between science topics that are taught to children and

those that are taught to teachers: In accordance with these

guidelines and the weight of research evidence, oar advi-
sory group recommended changes in the content offerings
for Utah State elementary education majors. Science con-

tent courses were revised to cover all the components of
the state-mandated Utah Elementary Science Core. The
new required courses are Biology 101, Chemistry 101,
Geology 101, and Pliysics 120; each offering five credits.
The methods course is_organized around ten compo-
nents, as illustrated in the figure, a composite flowchart.
Curriculuim goals aiid objectives for each component are

presented in the section that follows in the form of a con-

ceptual framework. The framework lists the major goals
and objectives upon which the content and activities of the

new course are based, and also serves as the basis for first

level evaluation of student competency:
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Couse
| Overview 1.0
— f
Pretest 2.0
— Y I 2N
Science, Technology. Remediation
and Soclety 30 -
Component 40
Teaching || State Core 11 Exemplary
Strategies 6.0 Cuniculum 6.0 Materials 7.0 |
Practicum | | Convocation
_80 - _ ___ Q0
Postest
100

Program Goal 1.0: To provide an overview and outline of
course requirements and procedures
Topic 1.1 Course Giitline
The student should be familiar with the components of
the course.
Topic 1.2 Requirements and Gradmg
The student should
® Be aware of course requirements and options for achiew-
_ ing them
® Understand gradmg procedures for all components of the
course o
Topic 1.3 Recrd Keeping . .
The student should be able to use computer-managed

record keeping procedures to demonstrate progression
within the course:

Program Goal 2.0: To determine student level of scientific
literacy o
Topic 2.1 Content Area Assessment

The student must achieve a score of at least 80 _percent in
each of the four content area assessments—biology, geol-
ogy, chemistry; and physics.
Topic 2.2 Science Process Skills Assessment

The student must achieve a score of at least 80 percent

on 4 coniprehiensive science process skills assessment.

Topic 2:3 Science Attitude Assessimient

The student must attain a score of at least 80 percent on
a science attitude assessment.
Program Goal 3.0: To facilitate remediation of deficiencies
identified in pretest procedures
Topic 3.1 Science Content Deficiencies
The student who is below criterion in any of the four
major science content areas (2.1) must do one of the
following:
® Enroll in or audit courses in that area
e Use a computer-mediated instruction.l program in that
area
® Arrange an individual remedial 1 program with a f(.cu]ty

member o
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® Propose, and have a"p’prbi@é’ci by the course instructor, a
studenrt-designed remedial program

Topic 3.2 Science Proces: Skills Deficiencies -
_ The student who is below criterion in science process

skills (2.2) must do one of the following: o

® Use instructor-specified exercises from prescribed sources

® Attend and participate in scheduled science process skills
_ iinprovement sections L

Topic 3.3 Scierice Attitude Deficiencies =~ S
- The student who is below criterion in science attitude

{2.3) must do one of the following:

® Review with the instructor any attitudes specified in the

pretest that contributed to a low score

® Discuss, on a one-to-one basis with the instriictor, possi-
ble implications of science attitude for future scie:.ce

_ teaching o o , :

® Devise a personalized improvement plan and set goals to

improve attitude toward science -
¢ Participate in science/math anxiety alleviation exercises
Program Goal 4:0: To piovide a fundamental understand-
ing of science and technology, in order to make informed
decisions about the interactions of science, tachnology, and
socity
Topic 4.1 Science and Technology
The student chould S
® Compare and contrast science and technology
® Appreciati how science and technology contribute to
_ new know:cdge
Topic 4.2 Impacts on Society
_ The student should . L
® Examine past and present examples of the impact science
and technology have had on society, economic growth,
_ and the political process o . .
® Infer global perspectives on the in rrelationships among
_ science, technology; and society
Topic 4.3 Practical Applications
_ Thestudentshoud :
® Examine issues that affect her/his life, family, and com-
munity, and that relate to themes of brozder significance

Focus on one or more contemporary problems that can
be examined in a scientific manner ]

Use decision-making strategies to answer the question:
“What can{ really do?” o
® Conduct a personal investigation in the area of science,
technology, and society

Program Goal 5.0: To pravide background on the origin

and requirements of the Utah Elementary Science Core

s

Topic 5.1 Elementary Science Core Overview
The student should . _ _ _ ]

® Be familiar with the UESC numbering system in order to
use it in a computer-assisted curriculum o

® Be familiar with the hierarchical arrangement of stan-

_ dards and objectives stated in the UESC.

® Examine across-the-curriculum relationships as presented
in the Resource Guide to the UESC

® Understand and explain how all aspects of the Resource
Guide relate to the UESC ‘
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Program Goal 6.0: To apply teaching prirciples, skills, and
methods to teaching elementary science
Topic 5.1 Scientific Literacy
The student should
® Be able to define scientific literacy -
® Identify and/or devise lesson plans that promote scientific
literacy , : S
® Identify and/or devise means of assessing student lévéls
___of scientific literacy
Topic 6.2 Cognitive Processes . ) }
_ The student should know and apply principles of cogni-
tive psychology tc teaching elementary science.
Topic 6.5 Interdisciplinary Aspects
_ Thesiudent should =~ o
® Beable to relate science objectives to goals and objectives
in other subject matter areas at the same grade level
® Be able to identif, and/or plan science lessons that inte-
_ grate other subject matter areas with science
Topic 6.4 Laboratory Techniques and Equipment
The student should o
® Be familiar with laboratory equipment coinmonly used in
elementary science programs_ . S
® Be aware of hazards and safety precautions associated

with elementary science laboratory work

Program Goal 7.0: To familiarize students with exemplary

elementary science curricula - S
Topic 7.1 Curricula Produced bv Industry and Non-profit
Organizations S B 7 7
The student should be able to describe the major fea-
tures of Project Learning Tree, Project Wild, Water Education K-6,
and Energy and Man's Environmenf materials.
Topic 7.2 Curricula Producéd by Commercial Publishers
The student should S
® Be able to_describe the major features of one or more
commercial elementary science textbook series
Be able to describe the major features of one or more

_. commercial elementary science process-based curricula

Topic 7.3 Journals and Supplementary Materials

_ The student should T -

® Be familiar with Science and Children, Science Scope, and similar
publications -

® Be familiar with a variety of commercially-produced
teaching aids

Program Goal 8.0: To provide the opportunity for students

to teach a series of science lessons in an elementary or
middle school classrcom
Topic 8:1 Practicum
The student should : L
® Contact a cooperating teacher and make plans to teach
three or more science lessonis -
® Submit appropriate lesson plans to the cooperating teacher

for approval prior to teaching i

¢ Teach three or me e science lessons in an elementary or
middle school classroom .

® Submit lesson plans, a self-evaluation, and the cooperat-

ing teacher’s evaluation for the instructor’s final review

Program Goal 9.0 (optional): To provide a culniinating

experience that demonstrates science and teaching com-
peténcies
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Topic 9.1 Excursion or Convocation
The student may either

® Fian and make all arrangements for a special science
learning experience for a small group of childrer, or

® Conduct a sc.ence ccnvocation

Program Goal 10.0 To provide a means of measuring
growth and exit level of performance
Topic 10.1 Posttest

_The student should demonstrate mastery of all course

objectives at prescribed criterion levels:

Conformity to NSTA Recommended Standards for the
Preparation and Certification of Sclence Teachers, 1983

The rationale ;or the SODIA science methods course is
similar to the rationale for the NSTA standards. The first
NSTA standard reads as follows:

All colleges and universities should require a minimum

of 12 semester hours or 18 quarter hours of laboratory

or field-oriented science, including courses in each of
these areas: biological science, physical scie:ice, and Sarth
science. _
 The SODIA science program exceeds this standard in
that aﬁllﬂstgdenﬁtrsfare requiired t5 earn a total of 20 credits,
five each in biology, geology; chemistry, and physics. Each
of these courses has a laboratory component..

Our program :ilso follows the 1970 AAAS gt videlines
which recommendegiitbat preservice courses relate to the
science taugrt in the schools. The four SOBIA content
courses cover all the objectives of the Utah Elementary
Science Core.

Our new methods course meets the second NSTA

standard in all respects. This standard concerns science

Precervice elqnentary teachers should be required to

complete_a minimum of one separate course of approxi-
mately three semester hours in elementary science
methods. This course should be sckeduled after the
science content courses and just prior to student teaching.

Standard Il b adds that this course should help preser-
vice ceachers teach science processes; attitudes; and con-
tenit to children in grades K-é6.

Our methods course emphasizes the content, process,
and attitude components of scientific literacy: Process
skills are learned through hands-on activities, and con-
tent is directl, coordinated with curricula appropriate
for elementary grace children: The following course
_.components relate specifically to this recommendation:

Topics 2.1, 2.2, and 2.3 Content, process; and attitude
assessment S

Topic 6.1 Scientific literacy

Topic 6.2 Cbgnitive processes

The thlrd arna of emphasis in the NSTA standards is
field experiences with children: .
Preservice elementary teachers should have opportuni-

ties throughout their undergraduate years to teach sci-

ence to children in schools: These field experiences in
science should begin with observation and tutoring and
proceed through small and large group instruction. Stu-
dent teaching must include experiences in planning and
teaching science.
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_ The initial experience with students in Level Il of the
SODIA program may or may not include sciznce lessons;
The classroom exposure at that level is unstructured to the
extent that students may or may not be presert at a tinie
when science is being taught. The practicum component of
the science methods course, however, provides every stu-
dent the opportunity to teach science. This is followed by
Level I}, a full quarter practicum during which every stu-
dent is required to teach science. The culmination is a
quarter of full-time student teaching that normally includes
science lessons:

Standard four deals with faculty preparation: Faculty for
both the content and the methods course in the SODIA
program meet NSTA recommendations. Methods course
faculty are well versed in content and in teaching method-
ology. The principal instructor is a senior faculty member
with a Ph.D. in science education.

Standard five emphasizes the value of an atmosphers in

which students can explore, investigate, and discover. Pre-

service teachers should experience scientific inquiry because
teachers prepared in environments that invite and support
cariosity, investigation, and inguiry are likely to provide
similar situations for their students:

Pre;ervxce elementary teachers shoijld bé ihéfriiéféd mn

ment instructional materials, and library holdings that

promote. science learning and exemplify outstanding
school science programs.
Our combination of scienice course laboratories; our 5c1—

ence, technology; and society methods course component;
and our Edith Bowen Lab School facilities collectively satisfy
the requirements of this recommendation. Our one area of
deficiency is that we have no annual budget for supplies

and equipment._
The final NSTA standard defme: condltlons relative to

professional development. These criteria range from posi-
tive attitudes toward science to an appreciaticn for the

position of scierice in the total elementary curriculum:

The prefessional orientation of preservice elementary
teachers should include experiences that (a) instill posi-

tive attitudes toward science and scierice teachmﬁgﬁ,r (b)
foster an appreciation for the value of science in the total
curriculum and in the lives of children, and {(c) develop a
commitment to continue their education as teachers of
science through reading, participation in. professional
organizations, and further education; including inservice
‘experiences.

Item ¢ above has not been evaluated, but items a and b

are integral parts of the philosophy and objectives of our
methods course. We expect to Lontxr‘ue to develop toward

and tne SESE Criteria for Excellence in Preservice Elemen-
tary Education.
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~ "\ ur needs-oriented model involves three groups—
preservice teachers from Austin Peay State Uni-
W7 versity’s Ediication Departmient, inservice teachers
from Barksdale Elementary School, and Birksdale elemien-

tary students (K-5). Both the university and the elemen-
tary school are in Clarksville, Tennessee, a community of
85,000 near the Tennessee/Kentuicky border which is home

to a military ins*itution (Fort Campbell) as well as the state
university. o . .
Of Austin Peily’s 5,000 students, approximately 15-20

percent are elemientary education majors, most from seven

counties across the state and some from outside the state:
The traditional agrarian nature of the community and.its
close proximity to Tennessee Valley Authority Land Be-
tween the Lakes, Mammoth Cave State Park, Dunbar Cave

Natural Area, Montgomery Bell State Park; and Reelfoot
Lake provide many opportunities for hobbies and interests
related to science and the outdoors. Clarksville’s industrial
resources include Acme Boot, Trane, Thun, Jostens; and
Union Carbide.

Determiningthe Need @ )
__"The only person who knows what I need to learn is me:”
That's why our model was designed to respond to the
expressed needs of the three role groups whose needs con-

cerned us most as educators: preservice teach.rs, inservice
teachers, and elementary students. .

_ In 1980 we administered a questionnaire to three Mont-
gomery County elementary faculties. Inservice teachers

identified very similar reasons for either not teaching science

or not feeling competent as science teachers. At approx-
imately the same time, 90 preservice teacher: in prepara-
tory classes at the university were asked to identify

competencies they wished to gain from their science educa-

tion course. The outcome of these two assessments was a

collaborative model integrating preservice and inservice ed-

ucation through science labs or centers established in the

elementary school.

The Needs Inservice Teachers Express o
The inservice teachers named eight elements which

hampered their teaching of scieice.

® The various reading levels and ability levels of students
® The lack of appropriate; up-to-date reading materials, as

_ well as laboratory materials, equipment; and funds
® The lack of tiime for preparation of materials

® The lack of appropriate space for work and storage

® Proolems with labs: extra noise; movement; and cleanup;
_ behavior problenis S o

® Lack of motivation and poor attitudes towa:d science cn
the part of students : -
Inadequate scope and! sequence of the science program;
inadequate measurement and evaluation of student
progress _ - o

Personal discomfort and lack of confidence

Barnes’ 1981 research describes the inservice training he
saw as generally remedial in nature. He found that such

training usually stems from untested assumptions of what

teachers neec; and has general, rather than specific applica-
tion to probleris and shortcomings. Inservice is offered as a
sort of universal remedy, for problems which are always
individual and specific:
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The Competenties Preservice Teachers Wanf -

During that same period we asked Austin Peay preser-
vice teachers to identify the competencies they hoped to
gain. Their answers centered around skills in eight areas:
® Designing science units, writing lesson plans; and

choosing and iisinig educational materials, including eval-
uation materials: . o
Developing self-awareness and self-confidence; including
ctlass mandgement and discipline skills =~ .
® Strengthening the child’s self-concept, fostering positive

science attitudes, and reducing science anxiety for
students o , ] ]
® Meeting the individual needs of students through
strategies such as individualized instruction aiid the use

of learning centers. - . } .

% Communicating with and learning from other teachers .

® Becomiing famiiliar with the resotirces of the school and
the school system (facilities, environment, and organi-

_ zation) . . - -

® Gaining perspective on career decisions such as grade
level preference

The Opportunity Stidents Deserve
What students need from tlieir elementary science pro-

grams has beeri exhaustively documented in recent years,

along with the fact that few of them are currently having
those needs met. Teachers do not devote adequate time to
science instruction. A great deal of the instruction that does
occur is still a matter of isolated facts and principles: Too

many students regard science content as boring, and science
labs as “yucchy.” Classes are large, and teachers have little
time to recognize or respond to individial interests and
learning styles. . S

Educators cannot expect to put the pieces together, to
capitalize on curiosity and mold problem-solving and inven-
tive minds; uriless their teaching builds integrated concep-
tual models. The 1 can only do this by allowing children to
apply learping, to initiate investigations, and to solve real or
realistically simulated problems. Teachers must be prepared

to teach process skills, as well as science content, in a logical,

progressive, meaningful sequence to mzet the needs of
today’s students and prepare tomorrow’s scientifically liter-
ate adnlts:

The Science Center Model: A Rationale
. What followed seemed only logical—to develop a train-
ing model to integrate the education of preservice and
inservice teachers and eririch, supplement, and even re-
structure the existing elementary science curriculum by com-=
bining forces and resources. The key to the model would be
the expressed needs of inservice and preservice teachers.
Wiles lamented in 1979 that educators are accustomed to
viewing preservice and inservice training as two unrelated
processes, even though the competencies the two groups
need appear to be the same. Nothing has changed. In addi-
tiory, inservice training has remained under the auspices of

local school districts, while preservice has been considered
the university’s domain. Many educational theoreticians
consider separate programs with separate coordinating sys-
tems an unhealthy split in teacker ediication. They recom-

mend a marriage of the two programs for the benefit of
4
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teacher trainees, teachers, and students (Winter, 1965).

. Collaboration is the foundation for our model’s success:
Preservice training and service to the school are tailor-
made in this program—designed by the inservice teacher,
principal, teacher educator; and preservice teacher, with the

needs of ‘he students in full view; to use the resources of
this particular setting for the benefit of all concerned.

- The program is built around the science center located in

the elementary school. The center is a workplace and learn-

ing lab providing space for science equipment, resources;
experimentation, and storage. Staffed by trained parent
volunteers and preservice teachers; it operates much like an
open-concept library. , ,

It is also a place for preservice teachers to hang their
hats: Equipped with test tubes, hot plates, bulbs, wires,
aquariums, plants, skalls, fossil collecticns, insects, and
re dents, the science center is an ever-expanding base of
operations. o :

By the time they reach their junior year our elementary
education majors have already taken one course in biology
and two courses chosen from physics; chemistry; and geol-
ogy. These are the same courses science majors take at
Austin Peay. The elementary ediication program also re-
quires General Science 302-303, which incorporates con-
tent in the Earth, physical, and life sciences with methods
and materials of instruction for the elementary schools.

For the first half of the term the preservice teachers
study curriculum design; instructional strategies; methods
of assessing individual student needs; abilities, interests,

and skills; techniques of evaluation, grading, and reporting
student progress; and student and teacher interaction in

varied learning situations. During this theory and content
work at the university they also learn to develop and imple-

ment instructional materials, including learning centers,
units, instructional games; learning labs; and individualized
student programs. = L o

Each student teacher is then assigned to one of the par-

ticipating inservice teachers, working with that teacher and

the university instructor to design and implement a unique
field-based experience which meets the needs of the pre-
service teacher, the stipervising teacher, and the students.

The preservice teachers develop skills in classroom or-
ganization, management, discipline; and record keeping:
They work individually with students or with small groups.
They develop materials to individualize instruction, devise
labs for groups of 20 to 30 students, and establish learning
centers for groups of four and five students. In addition to
their experience with their assigned inservice teacher, stu-

dents spend half of their class time at the elerientary schiool
in group lab situations that the university instructor facili-

tates. The university instructor teaches six demonstration
labs during the quarter, one each.in grades K=5, “borrow-
ing” one entire classroom and group of students at each
grade level. These demonstrations generally last for 50-60
minutes. A second hour of debriefing fcllows the lab to
allow university instructors and preservice teachers to

evaluate procedures, materials, and reactions of elementary

students. Inservice teachers from these classrooms also
participate in the labs.
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Field Expenence For Preservice Teachers
Field work consists of four parts: demonstration labs

practice labs, materials development; and tatorials:

During demonstration labs, each preservice teacher will
observe the university professor teaching an elementary
science lab at every. level, K-5:

During practice labs, each of the labs demonstrated. by
the university professor will be disseminated to the other
grade levels within the school by the preservice teachers.

Each preservice teacher will be assigned a partner and then

the two_preservice teachers will be assigned to a teacher:
They will teach one of the labs demonstrated by the uni-
versity instructor to their assigned class.

During materials development; each preservlce teacher
will develop one lab for the class assigned in cooperation
with that dass’s inservice teachér. The lab will be imple-
mented by the preservice teacher and evaluated by the
inservice teacher.

* For the tutorial section, the | preservice teacher will spend
two full afternoons each week in the scierice center at

Barksdale: This time is to be used for tutoring children,

working on learning centers; and doing research for the
inservice teacher.

The Inservice Component
Inservice teachers derive many beneflts from our needs-

oriented model. The university instructors become their
private science education consultants. These instructors are
available to facilitate or monitor special inservices and cur-
riculum revisions: Working with the young teachers pro-

vides professional stimulation and challenge to the Barksdale

faculty. Aside from human resources, the program pro-

vides materials and eguipment to make the job of teaching

scnence easier- Preservnce teachers contrlbute 50- 60 mstruc-

When several dozen inservice teachers pool resources
with the university, and include parents and their resour-

ces; the possibilities for creative science instruction become
all but limitless. Many of the needs inservice teachers
expressed in our survey are met by Barksdale’s collabora-
tion with Austin Peay: But collaboration within the school
has also been improved as a result of our program:
Most elementary teachers can testify to the general lack
of coordination in grade level planning and scope and

sequence planning: Fourth grade teachers might meet and

plan together, and even meet with third grade teachers, but
coordinated planning and decision making among K-5
scierice teachers is mitich rarer than it should be. The science

center at Barksdale publlshes a newsletter as one aventue of
communication among the teachers. Planning for inservice
training also brings the faculty together.

The faculty of the elementary school elects one represen-

tative from each grade level to serve on a curriculum com-
mittee for inservice training within the school. The com-
mittee works with the professor to identify needs and
stracture appropnate activities:

Our model makes efficient use of professnonals and their
years of teachlng,exper;ence, There is no extra cost to
either the university or the school.
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Plans for the Future: A Regional Training Center

By the fall of iésé hope to have established a reglonai

training center at Austin Peay. Fedtunng a lab area com-

plete with equipment and supplies to teach all areas of the
néw state science curriculum, the center will be housed in
the Claxton Building with a complex of offices and class-

rooms for professional education; and will be used by pre-
service and inservice teachers during training. The regjonal
center will serve eight counties and school districts in Ken-
tucky and Tennessee. A consortium of professors repre-

senting the disciplines of biology, chemistry, geology; phys-
ics, mathematics, and science education will serve as con-
sultants for training.

The inservice training model a ]omt pro]ect of the local

school system, Austin Peay; and the state department of
education, is designed to strengthen science education for
students at the elermentary and middle/junior high school
levels: We will do this by preparing; motivating, and recog-

nizing teachers, who are central to the motivation .and
learning of students, and exchanging and replicating effec-
tive teaching materials and techiiqiies for their iuse. In-

service will provide an opportunity for peer teaching;

leadership development; and dissemination of ideas: The
project will become self sustaining after three years.
A cadre of well trained and highly skilled elementary

science teachers will be identified and recruited as team
leaders. These leaders will share hands-on activities; up-to-
date content, teaching methods, and research in teaching
and learning. Team leaders will gunde and striicture the

training sessions for participating teachers:

Team leaders must have five years of experience wnth
sciesice teaching, career ladder status (granted by the state
of Tennessee to two highly qualified teachers in each of the

schoals cooperating with thls pro]ect) their principal’s recom-

ing for team leaders wil' be financed through the career

ladder program:

Inservice training for »articipating teachers will be con-
ducted locally, will involve intensive hands-on activities,
and will introduce teachers to the science content require-

ments for each grade and to recent developments in science:
Teachers will have the opportunity to work with the best
instructional materials, educational technology, and teach-
ing methods related to the content of the knowledge-

intensive sessions; and will have time to. adapt these mate-
rials 2nd methods for use in their own classrooms..

The inservice training will be condticted in small groups
to facilitate peer support, peer tutoring, and leadershnp

development among teachers. Initial training will be fol-

lowed by 12 three-hour sessions for inservice teachers dur-
ing the schiool year. Substitute teachers will cover classes

while teachers attend these sessions:

Benefits to the Student
~ "Back to basics” and the record keeping it entails have
temporarily robbed many science programs of their dyna-

mism: But many of the basic skills we want to build in

language arts and mathematics can be fostered through an
actnvnty-orlented hands-on approach to curriculum devel-
opment in science. We start with an emphasis on the stu-
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dent as a learner; one with unique needs and interests and a
unique style of learning. Hands-on involvement is the
foundation for understanding facts and concepts and for
building scientific generalizations. Students learn best when
they are interested, active, and involved: At all times, in our
program, the elementary student is the focus of concern:

* The student at Barksdale has the opportunity to examine
a science concept or become involved in a science activity
either individually or_as a part of a group: Since trained

parent/community volunteers, preservice teaciers; or high
school science students are always in the center, a teacher
has the option of sending one or more stiidents to the

center at any time during the day: An inservice teacher can
reserve the center and its staffer for a particular date or
time period. , S :

_ The interest the science center generai »s is not amazing.
It is natural that this would be a favorite place for students,
a place where they can learn things they want to learn.
Science should be exciting, for stiidents and teachers. At

Barksdale and Austin Peay, it is: ) o
The following are examples of science center activities.

® Seven students from a fourth grade class have had a
readiiig lesson and discussed marine life. They elect to
spend 40 minutes of their independent time in the science
center under the supervision of a parent volunteer: Dur-
ing_that 40-minute period_tFey observe the lower and
higher invertebrates living in the salt water aguarium.

® Two fifth-grade boys have an interest in agriculture and
plan to_join the local 4-H club in the fall.. One of the
preservice teachers is willing to teach them the process of
grafting. Tlieir regular teacher allows them to spend an
k.- on two separate occasions with the preservice
teacher, during which time they graft a winesap. scion
onto the crab apple tree in front of the school building..

® A student arrives at school at 8 o’clock with an insect in
an aspirin_box. Her teacher has covered the topic of

more abotit this particular incect. She requests the use of
the science center and the assistance of the community
volunteer working there on this day; in order to examine
and identify the insect. The teacher gives her permission.

Q
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She reports to the center during her scheduled library
free time. She uses a microscope with a deep well slide so
she can observe the insect while it is alive: She is helped
to key the insect by the use of an elementary insect guide
that she finds in the center.

Evaluation S
Members of each of the role grotips involved in the

model-inservice teachers, preservice teachers; and elemen-
tary students—have been asked to respond to the model’s
ability to meet their individual needs. All have found aspects
of the program valuable for their learning, and preferable

to more traditional models. We_are continually learning
what works and enhancing it, and eliminating or modifying
what does not.
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The University of Sbhiherh Mississippi_ (USM) was

in 1910 as the Mississippi Normal College. Today

USM is a comprehensive university with more than 500
full-time faculty members and an academic year enrollment
of abouit 13,500. Our primary Service area i§ the southern
half of Mississippi: The main campus consists of 135 build-
ings on 254 acres of land within the city limits of Hatties-
burg, populatxon 65,000.

vice elementary program ranges in age from early twenties
to mid-forties. A gradual upward shift in the mean age in
recent years reflects a significant number of women re-
turning to the campus to comiplete programs that were

interrupted by marriage and the care of young children:
The typical student entering the program met minimal
science course requirements for graduation from high school
and _expresses._ considerable anxiety about the study and

teaching of science:

Background of the Program

The incentive to restructure our science educatlon pro-
gram for preservice elementary teachers came from our
involvement in the 1970s with National Science Founda-
tion i:ii'bjéi:fs to assist school systems in implementing the
“alphabet” curricula, BSTS, ESS, SAPA, and SCIS. Among
the Mississippi teachers who participated in these projects,

confident, knowledgeable, skilled teachers of science at the
elementary level were found to be in short supply. Perhaps
even more distressing, we found that teachers and adminis-
trators gave science teachmg a low priority among the pro-

fessional responsibilities of elementary school teachers: Since
many of the teachers in the inservice educaticn projects
were graduates of the University of Southern Mississippi,
questions arose about the quality of the existing science
preparatnon program. We undei took a critical examination
of our science content and science methods course offer-
ings for elementary education majors.

In the early 1970s a sequence of four science content
courses—two physical science and two biological science
was among the core curriculum requirements. for non-
scienice majors at USM. As non-science majors, the preser-
vice el»mentary teachers met this requirement. The science
courses were taught in_large lecture sections. and supple-
mented with visual aids, demonstrations, films, reading

assignmierits, and study sheets. There were no laboratories.

The tests were usually short-answer in format and tended
to emphasize recall of scientific information. The courses
presented Science a5 a body of knowledge found in books
and heard about in lecture halls.

In sharp contrast; the science teaching methods course
required in the elementary education program was taught
in small sections with hands-on involvernent, using mate-
rials representative of nationally recognized curricula in
elementary school sc:ence In the science methods course

courses: We questioned whether a smgle methods course
could significantly alter our students’ image of science and
science teaching, after years of experiencing science as a
body of facts to be committed to memory: Teaching be-

totally forelgn to their previous experierices in college science
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havior is strongly mfluenced by the teacher role models a

student encounters. If our elementary school teacrhersrwere
currlcula,r the scxence courses at USM had to reflect that
pattern of teaching.

The faculty in the department of science education decided
tb t:liahge tlie Scienté currit:UIij Fcir elementary edijt:ation

majors enrolled in the large sections of the scienice content
sequence for nonscience majors and offered them separate
small sections. This made it possible to develop curriculum

materials and explore teachmg approachies to meet the spe-

cial needs of preservice clementary teachers. A separate
science course sequence for elementary education majors
was approved through the various university cominittees
and counicils in the 1974-75 academic year. The need for

this program had to be convmcxngly articulated many times
to obtain approval, in view of the additional cost of the
program, the resistance of scientists who felt this course
sequence might be a less rigorous treatment of ‘content in
the various disciplines, and the fairness issue involved in
offering special courses in the core requirements to a limited
segment of the student population.

The Project
The faculty in the department of science. educatlon
committed themselves to an all-out effort to develop the

best possible science program for the preparation of ele-
mentary school teachers. A preliminary proposal was devel-
oped and submitted to the National Science Foundation.

NSF staff members persuaded us that the mathematics

program for preservxce elementary teachers must be up-

Gompetency in mathematics appears to be mexorably linked

to advancement in knowledge and understanding of science:
After a full year of planning, the department of science
ediication, in association with the department of mathe-

matics and the department of curriculum and instruction;
submitted to the National Science Foundation a proposal to
restructure the science and mathematics components of
our program for preservice elementary teachers. Our pro-
ject, The Implementation of @ Sequentinl Stience and Muathematics
Program for Preservice Elementary School Teachers; (NSF Grant #
EPP5719223) was funded for a three-year period beginning
in July 1975, under the NSF Division of Experimental Pro-
jects and Developing Programs

At the time we received our funding, a number of other
projects wereialready underway to develop curriculum
materials for preservice education of teachers in science
and mathematics. To prevent costly duplication of effort in
curriculum development, the project at USM was designed
to use curriculum materials that were successful at other

institutions and test their transferability. Prior to the USM
project, there had been little, if any, coordinated effort to
restriictiire both the scierice and mathematics components
of a teacher education prograrm throughout an institution.
Most previous programs had been for small pilot groups of
preservice elementary teachers, rather than an institution’s
entire population of teachers in training.

The science and mathematics preparatory program that
emerged from the three years of intense NSF project ac-

.
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tivity remains basically intact, with the same general phllo-
sophy, goals; and teachmg approach. Some modifications

have been made in the curriculum materials, and changes
have occurred in teaching personnel To adhere to the
criteria of the Search for Excellence in Science Education,

this description of the current program has been limited to
the science component of USM’s preservice elementary
education program.

Our Current Program

The phllosophy of our preservxce program for elemen-
tary teachers is grounded in our concept of the nature of

science, the way children learn, and the goals of an elemen-
tary science curriculum. We view science itself as a search
for patterns that requires the active involvement of the
learner: Children are natural inquirers, who continually try
to make sense of the world around them by gathering
information and processing it into patterns or regularities.
Therefore, exemplary science programs for the elementary

grades should emphasize the investigative nature of science:
The goals for elementary school science should be to

develop

® An understanding of the major gqncepts which are the
foundation of modern scientific thought

® The science process skills necessary for continued self-
learning

e An understandmg of science and its societal implications
For our teacher education program this philosophy

dictates inquiry-based, activity-centered instruction which

involves preservice teachers in the various processes of

science as a means of discovering significant scientific con-
cepts for themselves.

~ We fuirther believe that preservice teachers will model in
their own science teaching the behaviors of their former

science teachers: Preservice teachers who experience in-
quiry-based, activity-centered instru.‘ion under the tute-
lage of exemplary role models are likely to exhibit teaching
behaviors which reflect the nature of science, relate to the

goals of elementary school science; and show sensitivity to
children as learners.

Goals of the Prugmm

The program’s goal is to produce knowledgeable, skilled,
confident teachers committed to improving the teaching of
elementary school science. In behavioral terms, the teachers

who complete the program should be able to

® Show levels of achievement in science content and pro-

_ cess skills adequate for teaching elementary school science

® Demonstrate, in classroom teacking situations, inquiry-
based, activity-centered instructional skills :

& Match teachmg objectives and approaches to the needs of
children as learners

e Exhibit confidence and enthusiasm about teaching science

Natire of the Progmm
The preservice science program is comprised of four con-

tent science courses—two physical science and two bio-
logical—followed by a science methods course. The 12
semester-hour content and three-hour methods require=
ments add up to a 15 semester-hour science program:

The content courses focus on developing the knowledge

41
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and process skills to teach current exemplary science pro-
grams for the elementary grades. Each coiirse integrates
content and teaching methodology in the sense that the
course instructors serve as role models for teaching be-
haviors: All courses are taught in a laboratory setting. That
is, prospective teachers are taught with materials which
allow for direct experience in activity-centered. investiga-
tions aimed at developing basic concepts and skills. Faculty
make a concerted effort to reduce anxiety toward studying
and teaching science by providing for successful experiences.

The rifth course in the science sequence is predominantly
a course in methods and materials for teaching elementary
school science. The course is organized in three major

parts. Part one provides conceptual background related to
the meaning of science, the goals of an elementary science
curriculum, the process and content aspects of learning
activities, and the characteristics of the young learner. Part

two focuses on the development of instructional skills by
examining different teaching strategies. Since experiment-
ing as a teaching strategy seems to be the most difficult to

master, we emphasize integrated process skills and the uise
of experiments in the classroom. A science fair day.is a
component of this part. Each preservice teacher completes
an experiment and submiits a written report, science fair
display; and log book for the competition:

Tu.t three involves the preservice teachers in the prepa-
ration and supervised teaching of six science lessons, each
approximately 50 minttes long. The six lessons focus on a

single unit theme and are usually adaptations from nation-
ally recognized science curricula. Thus, this course not only
addresses methods and materials of teaching but also pro-
vides_practical experience in applying science content in
actual classroom settings.

Materials and Cuarriculum : : S

Our corriculum has been continuously examined and
mwdified since the program restructuring during 1975-77.
Curriculum materials developed by Arnold Arons at the
University of Washington and his textbook The Various Lan-
guage: An Inquiry Approach 1o The Physical Stiences were used in
the physical science sequence for several years: Many of
the activities in Arons’ program continue to be used, but
new ones have been adopted from other sources and devel-
oped in our own program. i

The biological science courses used materials developed
as part of the Purdue University project, An Integrated Approach
To The Science Preparation of Prospective Elewmentary Teachers. The
Purdue project was funded by NSF under the Undergrad-
uate Preservice Teacher Education Program. Purdue activi-
ties were essentially adapted from the BSCS Green Ver-
sion biology program and the Science Curriculum Improve-
ment Study.
__ Science textbooks which reflect the philosophy and teach-
ing approach we want for our preservice elementary
teachers are not available for the college level Zirons’ book;
for example, emphasized the development of mathematical
reasoning and interpretive skills, but did not develop many
of the science concepts that the preservice teachers will be

expected to teach elementary students. At present we are
using several textbooks, materials from the national cur-
riculum projects, and other materials developed by the pro-

fessors who teach ouar courses.
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The courses are scheduled as three semester hours lec-
ture and one semester hour laboratory; however; the teach-
ing emphasizes direct involvement of the students in activi-
ties which lead to discovery of ideas and relationships.
There is seldom a full period of formal lecture; instead
there are frequent discussion periods when students share
and interpret results under the skillful guidance of the

course instructor: : o
_ We use well-written physical science and biological science
textbooks for reading assignments to reinforce and extend
the classroom activities. Most college students have been
conditioned by past educational experiences to approach
learning through the printed word, so we try to capitalize
on this established learning style to help them build a
streng foundation of scientific knowledge. We choose books
which give clear explanations and offer illustrations; data;
charts, and graphs to be interpreted. In the courses, we try
to expose the preservice teachers to many teaching strate-

gies and }olp them to see reading as just one means of
approaching_the study of science. We try to make them
aware that children need to experience science directly; not
just read and talk about it.

_ The basic textbook for the science methods course is
Exploring Science In The Elementary School by Donald Kauchak
tary school science, and our understanding of the nature of
science, how chiidren learn; and the ideal strategies for
teaching scienice. o ,

__In the field experience component of this course, lessons
are usually adapted from various curriculum projects, with
the preservice teachers responsible for finalizing the plans
and practicing_the lessons before actually teaching small
groups of children. We try to assure that the experience of

working with children is successful and provides students
with positive feedback about themselves as teachers of
science. S

_ Aresource center housing instructional materials for the
K-college levels was established with NSF project funding:
The resource center is a support facility for both the under-
graduate and graduate level programs admiinistered by the

department of science education. The center includes a

wide range of current instructional materials: ,

e coiiplete sets of programs, siich as Developing Mathemalical
Provesses, Science Curriculum Improvement Study, and Science—A
Process Approach

® Science textbook series

® Metric teaching aids , o

e Films; filmstrips, and other audio-visual aids

® Manipulative laboratory materials for classroom use
® Sourcebooks of teaching activities and games o
® Sample instruments for assessing content knowledge,

attitude, and skill development in science
® Microcomputers and computer software .
__The preservice teachers use this facility in completing
course assignments and as a source of materials for their

student teaching experience. The center plays a critical role
in introducing preservice teachers to the use of computers
in teaching and learning.

The Role of e Professor , 7
The professors for the courses in the science sequence
are expected to exemplify good practices in planning, teach-
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ing, and evaluating. They model strategies for teaching,
assuming the roles of motivator, counselor, guide; initiator,

discussion leader, resource person; lecturer, demonstrator;
questioner; evaluator, and others appropriate to the var-
ious strategies. We feél it is important to alternate among a
variety of methods, matching teaching objectives to the
students’ needs, the materials that are available, and the
content/process goals.

Since many preservice elementary teachers are anxxous
about studying and teaching science, building positive self-
concepts about their ability to learn and teach science is a
major responsibility of the program. This means that each

stiident must be respected as an individual of dignity and

worth and neveridemeaned or bellttled The classroom
where students feel comfortable asking questlons and
expressing ideas.

The Role of the Sludml

Qur preservice elementary teachers are actwe part1c1-
pants in the learning process; rather than passive receivers
of information. They are investigators searching for pat-
terns and regulantxes they can use to describe and explain
phenomena in the natural world. They are erncouraged to
question: “How do we know:..? What is the evidence
for...? How could we explain. . ..? How could we test?...”
As students, they are ericouraged to show initiative, curios-
ity, and the desire to find out for themselves.

Evaluaiion
Evaluation of Students

For the four science content courses, student achleve-
ment i$ evaluated on the basis of teacher-made tests, writ-
ten reports of investigations, a and other assignments. In
testing; emphasis is placed on higher-order cognitive levels,
with students being asked to explain, compare, describe,
interpret, and evaluate. Somie test items are short answer
and require recall of information or comprehension; how-
ever, essay questlons requiring analysis, synthesis, applica-

In evaluatlng student achievement for the methods course

we consider teacher-made tests, ratings of teaching per-
formance, science_fair projects; written reports of inter-
views based on Piaget’s tasks, and lesson plans. Rating
criteria vary with the assignments:

Evalualwn of Progmm )

During the initial restructurlng of the program, sup-
ported by NSF funding; an extensive formative and sum-
mative evaluation was conducted. Data collection continues
to the present time. Students use rating scales to evaluate
the course instructors. We solicit feedback from students in

writing and through i inteanews fegardlng course content
tlves Test results are exammed and courses are revised
when we find a better way to meet the course objectives.

Faculty members teaching courses in the sequence meet
Formally to discuss the curriculum and ways of improving
the sequence. In addition, they informally share new activi-
ties being tried, problem areas, and successes and failures in
teaching. The faculty works as a supportive team constantly
striving to improve the course sequence. .

In 1985 the program was reviewed by the curriculum
committee in the College of Science and Technology, the
curriculum committee for the College of Education and
Psychology, and the Academic Council of USM: The four-
course science sequence was approved by these committees
to meet the core requirements for elementary education
majors. We are proud that the program continues to be

viable ten years after the initial grant funding and is accepted
by the academic community on our own campus.

excellence;, shows many strengths The follownng is a par-

tial list. }

® Evaluation data demonstrate that the program develops
positive attitudes toward science ,af!‘Zl,S,Q'e,!‘,Ce,,t,eéChJDS,,,,

® The program requires twelve semester hours of science
content, including broad treatment of physical science
and biology, and limited Earth and space science topics.

e The content and methodology in the courses are applica-
ble to sound elementary school science programs. Both
the science content and methods courses use the problem
solving processes of science, such as observing, classify-
ing, measuring, interpreting data, and experimenting:
Field and laboratory activities are integrated in science
content study.

® Societal implications of scienice and technology are
addressed in the courses: For example, if a field trip to a
local electric power plant is a part of an electricity unit,
students will examine the environmental technology used
in_the plant to prevent air and water pollution. The
nuclear waste issue is studied in relation to the Missis-
sippi salt domes; which are presently being considered as
sites for a depository. Genetic engineering, population
coitrol, energy consumption, and other topics with
societal implications are also explored. -

e We require three semester hours of science teach1ng
methods with a field-based teaching component. The
field experience involves hands-on problem solving and
skill development activities.

® Microcomputers and other current technology used in
the science content and methods cotirse provide expe-

rience with the use of these tools in concept/skill
development.

® The program meets all the cr1tena for excellence thh
regard to faculty characteristics. The faculty members
are well quallfxed experienced, competent teachers. Each
has experience in teaching science in the public schools.
They are active in professional associations and work
closely with the Mississippi Department of Education and
the state public school systems. They encourage and
model participation in professional organizations and
research involvement.

e Science teachmg rescurces include well-equipped labora-
tory facilities, a resource center with an extensive collec-
tion of curriculum materials, source books, manipulative
aids, visual aids, compiiter software, microcomputers,
television monitor and cassette player; microfiche reader/
printer;, and more. Library holdings exceed 30,000 volumes
related to the program, plus a considerable collection of
children’s science tradebooks.

Weaknesses of the program; exammed against the crite-
ria for excellence, include the following.

® The present four-course content sequence needs to in-
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corporate miore Earth science. Observational astronomy,
the water cycle, the carbon dioxide/oxygen cycle, weather,

and other topics do receive some treatment in the course
sequence, but we plan to develop a separate Earth and
environmental course. o

® In the science methods course some hard choices have
been made because there is never time to treat all areas.
One such choice relates to developing skill in writing
lesson plans, teacher-made tests, and other teaching
materials. We are aware that preservice teachers need
help in planning science lessons and would like to incor-
porate more of this activity in the methods course; but
lesson planning is heavily emphasized in other methods
courses. In an effort to assure that the field experience in
science involves hands-on, exemplary activities with which
the preservice teachers will experience success; our course
professors have assumed the major responsibility for
planning the lessons so fzr. Lessons adapted from various
curriculum projects are offered as exemplary materials.
From the exemplary lessons, students can begin to see
how science should be taught and develop the confidence
to try constructing their own materials later:

® We need more extensive ongoing evaluation of the pro-
gram to provide continuous feedback for future modifi-
cations. We recognize the need;, but with the present
faculty workload we have been unable . » accomplish this
to our satisfaction. - .

® Mississippi has an extensive junior college system. Appro-
ximatelv 60-70 percent of the students in teacher educa-
tion are transfers from the junior colleges. Because we
accept transfer credits in laboratory science to meet our

core requirements, many graduates in the eiementary

education program have not completed the four-course
science sequence offered at USM.

Program Maintenance Needs, Human and Financial

_ The key ingredient in the success of our program is role
modeling by the teachers of each course in the sequence.
Since administration and teaching of the program are the
responsibility of the department of science education, it has
been possible tc be very selective in assigning faculty to
teach the courses in the sequentce. The coordinator for the
preservice elementary science program, Iva D. Brown, works

with the chair of the department of science education;
Bobby N. Irby, in identifyiiig faculty whose teaching philo-
sophy agrees with that of the program. Faciilty involved in
the program are professionally active in promoting science
education and have records of proven performance in the
classroom:.

_ The science resource center is an essential support facil-
ity for the program. It costs money to staff the center and
to keep its resources current. : :

Laboratory facilities with basic equipment are required

for teaching the physical science and biological science
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courses. The science teaching methods course requires a
wide variety of materials suited to the teaching of elemen-
tary school science; in quantities sufficient for teaching
about two hundred children, and funds for replacing
expendable items: - o

_We struggle to keep the program as cost-efficient as pos-
sible. Clearly this program is more expensive to operate
than a comparable sequence of lecture courses. But the
university continues to sustain it, which indicates that we
must be giving good value:

Euture Changes In The Program S .
.. The Mississippi Board of Trustees for Instit:tions of
Higher Learning maintains an orgoing program review
process. The board mandated last year that eight semester
hours of laboratory science be required in the core at all
public colleges and universities. In a separate but related
action, they increased the number of high school ¢ zdits in
science and mathematics required for entrance to state col-
leges and universities. The courses in the four-course science
content sequence;, which each formerly carried three
credit courses ({three hours lecture and one hour lab) to
meet core requirements. With this change, the classes in
the four-course sequence total 16 semester hours. Since
elemertary education majors are still only asked to take 12
hours of science, teaching students may satisfy the require-
ment with just three courses, o

We are planning to restructure the sequence into three
courses—physical science, Earth and environmental science;
and life science. The basic philosophy and approach will not
change, nor will the total number of hours required. The
content of all courses will need to be reviewed and modi-
fied. .
_ Other impending chai.ges are linked to the Education
Reform Act passed by the Mississippi Legislatiire in 1982.
Certification requirements for teachers and accreditation
standards for teacher education institutions are being re-
viewed and new guidelines established. Our science methods
course will evolve to align with the competencies identified
in the Georgia Department of Education plan for_perfor-
mance-based certification, which has been adopted by the
Mississippi Department of Education. Experiences will have
to be built into the elementary education program directed
toward achieving the specified competencies. For example;
the Georgia plan emphasizes comipetency in planning and
organizing materials for instruction. To meet the perfor-
mance levels in this area we will have to devote more time
and effort to writing behavioral objectives, developing
compatible teaching procedures; and designing evaluation
instrumecnils. o B L

Our goal for the future is a totally field-based science
methods course, with professors and preservice teachers
meeting classes in a public school setting and working with
children as they study various instructional approaches.
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Chapter 9
Excellence in
Preservice
Elementary

Edueatlon in
Science:

What We

Have Learned

Barbara S. Spector
University of South Florida
Tampa, Floridx 33620

Q

Science Education (SESE) is to Vprovxde inspiration

The ultimate purpose of the Search for Excellence ir:
and guidance to those who want to improve the
quality and quantity of science taught in America’s precol-
lege institutions. Churacteristics of good science programs
and appropriate amounts of science were spelled out in
Project Synthesis’ desire: state. The goal of precollege sci-
ence teaching is to produce citizens who are scientifically
and technologically literate: who know enough about the
scientific enterprise to make reasoned decisions at the per-
sonal and societal levels; take full advantage of their aca-
dernic opportunities, and finction effectively in a wide
range of careers in tomorrow’s scientific and technological
society.

Can preservxce teacher educatlon in science help to pro-
duce such citizens? We believe it can. Both positive and

negative evidence supports our belief. As positive evidence;

the teachers who developed the SESE exemplary elemen-
tary school science programs reported that the inspiration
to develop their excellent programs came from

courses or workshops. they had taken. As negative evi-
dence, elementary teachers other than those in exemplary
programs frequently ascribe a major part of their science
anxiety to a lack of adequate preservice training in scierice.

School administrators share that perception: .~
The characteristics of the desired state, for preservice
elementary programs that will enable teachers to promote

scientific and technblogical hteracy, were enumerated in

the first chapter. But a review of the apphcatiohs for the

educatxon are ot famnhar with the SESE criteria. Conse-

quently; it is necessary to underline the distinction between
the elementary science curricula which were developed
wnth federal funding during the 605 and 705, the so-called
“new” curricula, and the exemplary elementary science pro-
grams envisioned by Project Synthesis and exempiified by
the honorees of the Search for Excellence in Science Educa-
tion. Educating prospective teachers for the latter is the
current goal for today’s preservice elementary teacher edu-
cation programs.
The application forms used for this search for excellence
were the same as those for searches in the other fields of

precollege science education: Data were limited to the de-

scriptions of the programs supplied by the institutions
themselves. Due to a lack of funds, there were no site
visits. Althotigh the only meamngful indicator of an excel-

lent preservice program is the suictess the teachers have
with_children in_schools; the search application did not
require information about the performance of preservice
teachers once they were employed by school districts. Sev-
eral of the exemplary programs do monitor their own
graduates, but we did not accumulate data on the compara-

tive effectiveness of these graduates and those from more

traditional programs.

~ Each program in the precedmg chapters was selected
because of its roteworthy progress toward the desired
state: If the commendable attributes of all these exemplars
were combined, we would see a model approaching the

desired state for preservice elementary teacher education in
science. No one of the programs by itself is a model of the
desired state: S ) .

The following is a synthesis of what has been learned

45

Aruitoxt provided by Eic:



E

Q

RIC

from this search. The names of institutions noted in paren-
theses direct the reader to at least one example of each
observation. The examples in the_parentheses, however,
are not intended to indicate an ideal state in any area.

Insights Gleaned From This Search

~ The commonality among the exemplars suggests tha:
one of the things most essential to the development of an
excellent program is vital links among the many people and
groups who share an interest in science teaching. Some
useful interfaces appear to be between

® Science educators and natural scientists

® Science educators, natural scientists; technologists, and
_ social scientists - - - -
® Scienice eduicators and the community, é.g. business and

industry and civic groups o
® The university program leader, faculty, and prospective

teachers, and elementary school administrators; teachers,

andstudents

® Science educators and the state education agency
® Science educators and foundations interested in education
A program’s problem-solving capacity will be enhanced
by the variety and fruitfulness of its interfaces, and so will
its ability to meet the SESE criteria: Multiple interfaces
provide a rich and varied data base which can make current
information from a variety of perspectives available for
decision making. New strategies based on this data can
offer new solutions to program problems: A program can-
not but benefit from the synergism that results from
networking: S o ) .

Each of the preceding exemplars could continue its pro-
gress toward the desired state by increasing the number of
interfaces that support it program. Since the role of a
science educator is to be a link among scientists, and between
scientists and the rest of a community, it is reasonable to
expect the science educators on a college faculty to design
and maintain networking strategies. The first step will be

to persuade the individuals involved of the benefits each
can obtain from investing in the collaboration:

_ Before attempting to make specific changes in a pro-
gram, the persons spearheading the development and
maintenance of these interfaces need to develop a common
vocabulary and context for communication; leading to a
common set of assumptions upon which the group will
build: This minimizes potential for miscommiinication, and
thus builds up the trust essential to any collaborative ven-
ture. Then a group philosophy, goals, and the specific tasks
to alter a program car: be addressed.

Excellent Program: Cross Department Boundaries ) .
__The interface between science educators and natural
scientists is critical to providing preservice teachers with

current content that is applicable to the elementary science
curriculum. Decisions about what part of the accrued body
of science knowledge is appropriate for preservice teachers
and how it should be taught are best made collaboratively.

Faculty whose primary research and subsequent expertise
are in science education know the goals for elementary
science teaching and the capacity of elementary learners.
Faculty whose research and expertise are in one of the

natural sciences know the directions and the cutting edge
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of work in that science. Together; they can develop creative
approaches to educating preservice elemeéntary teachers
whose students will be adults in the twenty-first century.
Two models of collaboration between science education
and natural science were illustrated by the exemplars: in
one, the science educators have academic appointments in a
natural science department or college (Ball State University
and Eastern Michigan University). In the second, science
educators have academic appointments in_departments or
colleges of education and collaborate with faculty in the
natural sciences either individuxt/ly (Austin Peay State Uni-
versity) or through cross-unit committees or.councils (tJni-
versity of Southern Mississippi, University of Toledo; Utah
State University). A third model, not described by any of
the exemplars; gives a faculty member dual appointment,

half time in a natural science department and half time in a
college or department of education. Success appears to
require an ongoing formalized relationship between scien-

tists and science educators: Faculty provide periodic feedback
to a permanent group responsible for program improve-
ment, while implementing decisions made by the group.
Communication does not stop orice the group agrees to
program changes.. , , ,
_ Even though the success of an educational endeavor
depends on_the individual teacher, individual excellence
cannot insure that program innovations will become per-
manently incorporated in an institution. Having a commit-
tee or council may seem unnecessary when there is a
strong individual relationship between a science educator
and one or more natural scientists, but there are vital roles
such a formal structure can play to insure excellence in the
long run. :
® A cross-disciplinary group can expedite program changes
through the multiple stages the curricalum process re-
_ Quires in a large university. }
® Evenif personnel in the institution change, a council pro-
vides continuity. S
® If individuals have a personal falling out, the council
remains to continue tending to the program.
¢ If people beyond the first interactors wish to get involved,

they can approach a council through known procedures
more easily than they can intervene in a one-to-one
relationship. o - L

Within the College of Arts and Sciences at Easterni Mich-

igan University, four science departments. have joined for
ongoing planning, review, and revision of their program.
Ball State University has a science and mathematics re-
source advisory team representing the College of Science
and Humanities and the Teachers College. Utah State Uni-
versity has an advisory committee coordinating College of
Education and College of Science faculty who develop sci-
ence courses for the preservice elementary program:
Councils should be structured to_c5tain input from out-
side the group, and have potential for inviting new people

to participate as uses for other areas of expertise appear.

A uniqueness of the University of Toledo is that it has a
specific structure to enhance the interface between science
educators and faculty in educational psychology and other
foundational fields. Teaching teams from Educational Psy-
chology, Curriculum and Methodology, Educational Media
and Technology, and Social Foundations of Education meet
in weekly planning sessions. Team leaders meet with col-
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lege administrators to evaluate the effectiveness of team
plans.

Links to State Agencies are Vital

The interface between_university science educators and
state eduication agencies is critical to the quality of preser-
vice elementary teacher education programs: Many states
are currently examining their teacher certification criteria.
Others will surely follow the example of those who have
aiready drastically altered their certification procedures.

Comm nly; graduatlon requirements in college and uni-
versity teacher education programs go beyond state certifi-

cation requirements. This may change, as more states strive
to make certified synonymous with gualified.

Universities commonly respond. to changes in state certi-
fication requirements by making the state’s requirements a
framework for their preservice programs. We recommend

a more active strategy: First; design an. optimum program
based on the SESE Critaria for Excellence in Preservice
Elenientary Teacher Education in Science, using research
on effective science teaching in elementary schools and

what teachers say they wish they had learned as under-
graduates. Then modify the optimum program by adding
or altering as necessary to meet the state certification re-
qulrements

Hopefully, 1ntertaces between educators :md state educa-

teacher certification requiremenits reflect the SESE criteria.

If this is not the case, it will be up to science educators to
advocate that their states change the requirements, fétl:ief-
than adjusting university progran.- to meet
requirements:

University programs are influenced not only by state
certification requirements, but also by the needs and yvishes

of cooperating school districts, faculty perspectives and oi-

ganizational needs within the university, and theﬂpﬁeﬁrcewed

needs of prospertive teachers in the target audience. All of
these need to be considered in designing a program.

Creative Course Design Promotes Excellence

The exemplars deliver science content either through
courses specifically designed for, and limited to, prospective
elementary teachers (University of Southern Mississippi,

Ball -State Umversxty, Umversxty of Georgia) or through

standard university courses with sections reserved specifi-
cally for preservice elementar - teachers (Utah State Uni-

versity). Three variations on the latter might be

® Prospective teachers sit in lz-ge group lectures with other
studenits and separate into small groups for discussion
and lab work S

® The course is the same; but prospective teachers are
taught in small classes, while other student. learn in
large lectuire halls

® The course labels are the same for all students, but the
content of preservice teacher sections is tailored to
teachers’ needs
A composite of the characteristics of the science courses
in_the exemplars includes
® Experience with materialc Luitable for use in elémentéfy
_ schools (University of Georgia)
® Focus on process skills (Eastern Michigan University)

® The teaching of science methods mixed with the teaching
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of science content (Eastern Michigan University)
® Instructors modeling good teaching (all of the programs
selected)

® Team teaching by scienice educators (Umversxty of Geor—

gia; University of Southern Mississippi) or science educa-
tors and scientists teaching together (Utah State Uni-
versity):

In addition to being a most effective instructional strategy,

integrating the teaching of science methods with the teach-
ing of science content, as is done at Eastern Michigan, ecc-
nomizes program time; makmg room to study additional
topics.

plars were their tra1n1ng in the processes of 8 science (observ-

ing; classifying, measuring; interpreting, predicting, and

experimenting) and their incorporation of the biological;
physical, and Earth sciences. However, the Earth sciences
appear to nieed more attention before we will have attained

a balance among all the disciplines, even in these exemplary
programs.

Excellent Programs Integrate Science, Techiology, and Society

Overall, there is still a need to. developprocedures which
provide prospective teachers with a significant understand-
ing of the societal implications of science and technology

(SITIS). All the programs reported that they attend to

SITIS; but there was little to provide guidance to the reader
on ways to do it.
Developing two related 1nterfaces would contrlbute to

mgmﬁéaht SITIS education: They are the interfaces among
science educators, natural scientists, technologists, and social
scientists, and those between the science educator and the
community. These links will allow inservice teachers to use

the contacts they made during their undergraduate years
to obtain S/TIS resources, including human expertise;
e'qmpment, printed miaterials, media, and access to physical
sites away from school: Since teachers cannot berome
experts in all the disciplines, and schools vsuaily have limited
budgets for science equipment, programs need to use the

community as a resouirce for teaching scierice in the class-

room and outside. the school:
Community volunteers can supervise children, gulde chil-
dren through learning center activities, and help teachers

develop expertise on a topic (Austin Peay). Field sites, such

as an electric power plant (University of Southern Missis-
sippi), or a dairy farm and a weather station (Ball State)
highlight the relevance of teaching basic science and
technology.

Excellent Progmms Stress Sufely
Provisions to teach an understandmg of how to enstre

safety when teaching science were conspicuous by their
absence from these programs. Ball State and Utah State
were the only schools whose reports even mentioned the

need for classroom safety training.

Ercelienl Progmms Build Posxhve Atl:ludcs .

Success experierices built into undergraduate programs

appear to_be the key to mitigating science.anxiety and
assuring that preservice science teachers will have positive
attitudes toward teaching science. The potential for success
experiences can be increased by developing a degree of
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individualization in courses and programs, matching re-
quirements to students’ backgrounds and needs (Utah State
University). , .

Prospective teachers can experience success when they
are given a relatively safe environment in which to take
risks, be creative, and try their own ideas in designing a
science investigation (Ball State University). Opportunities
for experiential learning increase potential for suiccess, and
help teachers understand the importance of hands-on
teaching in elementary science. They overcome anxiety
when they use simple laboratory materials that are in the
average school already, or can be purchased inexpensively
or collected from home (Eastern Michigan University):

_ Another way to create siiccessful experiences for preser-
vice teachers is to teach science in a context that makes its
concepts relevant to the learner. Emphasizing relationships
among the sciences, S/T/S, and human values makes science
relevant. When science is meaningful it is perceived as eas-

ier to understand. Prospective teachers learn more. Perceiv-

ing themselves as successful learners of science builds their
self-confidence, which contributes to a positive attitude
toward teaching science. o
Providing early field-based experiences with scicnce
teaching is still another way to build positive attitudes
(University of Toledo). The experience of these exemplars
suggests the value of teaching prespective teachers to teac
in incremental steps—beginning with cognitive informa-
tion about an instructional technique, sampling its use by
teaching one’s peers in the safety of the college classroom,

and then using the technique to instriict children in schools.

Excellent Programs Provide Early and Confinuous Experience with

Chitdren o o N

. The interface between an institution of higher ec ucation

(IHE) and the local school districts facilitates

® Improvement in the school districts’ elementary science
programs

® Opportunities_throughout the college program to t-ach
science to children in schoals
¢ Student teaching which includes experience in poth plan-
ning and teaching science to elementary school students
The University of Toledo and Austin Peay State Univer-
sity both deliberately design their teacher education pro-
grams to serve as change strategies for iinprovement in
their cooperating schools. Austin Peay’s particular contri-
bution is the school-site science center, a model for a formal
structure to enhance relationships between a university
and a school distiict. It provides opportunities for a variety
of interactions among the IHE professor, preservice
teachers; inservice teachers; children in school, and coi-
munity volunteers. Prospective teachers learn to perform
everi in settings that are not equipped with ideal apparatus,

as they and their peers generate materials for the center
This modei also addresses the preservice teacher’s need for
a_transition to full time teaching by creating a continuum
from preservice to inservice education. o

_Utah State University has structured a permanent plan-
ning committee to guide its portal school, composed of uni-
versity faculty members, teachers, principals, and represen-
tatives of the university laboratory school.

__ In traditional programs, preservice teachers have their
first contact with students in their third undergraduate
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year. Many universities also have a significant number of
students who began their college carcers in two-year insti-
tutions, with no opportunity for student teaching expe-

rience. An outstanding feature of the exemplary programs
at the University of Toledo, Utah State University, and Ball
State is that prospective teachers begin interacting with

children in schools during their first year of college:

Eicreljg'n’t' Erpgr@irrjis 7Cppv;’tt Reseafcfi into ﬁkdttx;cé ) ) -
Features unique to the University of Georgia are the
significant number of highly productive science education

. hinte

researchers and their capacity for translating i . .
practice to improve scierice teacher education.

Excellent Programs Have Excellent Faculties :
__Since teachers teach as they were taught; it is essential
that the people who teach science to preservice teachers
model desirable behaviors. Then, the analysis of the
instructor’s teaching can be an integral part of science
information. i o

Faculty at each of the exemplary institutions have expe-
rience in teaching precollege science and interest in provid-
ing high quality instruction. While some faculty have access
to well-equipped resource centers on campus (University of
Georgia, Eastern Michigan University) and others use facili-
ties in local school districts (Austin Peay State University),
they all model e: ~plary teaching and professional be-
haviors:

Looking To The Future. . . ] o
__As science educators, we need to continue to develop
programs which reflect the SESE criteria for teaching science

in the elementary grades, and ensure that prospective

teachers ) o S

® Gain the necessary pedagogical, scientific, and technologi-
cal skills and knowledge -

¢ Function effectively in settings ranging from those with
fine current materials, equipment, and laboratory aides
to those that lack proper support

® Can adjust creatively to the changes in sciencc teaching
that will be required of them throughout their careers in
the classroom ,

® Are, themselves, adults who function as reasoning,
decision-making citizens in this scientific and technologi-
cal society o - , -
One caution is in order. In our zeal to move forward in

response to the demands of rapid change, we must be judi-
cious and not "throw the baby out with the bath water.”
That which experience has shown to be of value should be
retained. We will, for example, continie to teach process
skills, while seeking bold new approaches: ,

_ A< these exemplars and those who follow their example
attain the desired state for preservice elementary teacher
education in science; we will be meeting the need to improve
the quality and quantity of science children learn in the
elementary schools of our nation. Prospective teachers will
be willing and able to meet the challenge of preparing their
students for the dramatically different world those stu-
dents will inhabit as adults in the twenty-first century.
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